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(54) IMAGE DISPLAY 



(57) An image display such as a head-mounted im- 
age display for allowing the user to view with both user's 
eyes an image displayed on one image display element 
by directing the image to both user's eyes without pro- 
viding any half-siivered mirror. The image display com- 
prises an optical path branching mirror (1) for distribut- 
ing the image on one display element (1 0) to a right-eye 
optical path and a left-eye optical path, a right-eye ocu- 
lar prism (2R) on the left side, and a left-eye ocular prism 
(2L) on the left side. Along the right-eye optical path, the 
display light from the display element (3) is reflected 



from the reflecting surface (1R) of the optical path 
branching mirror (1), passed through a first surface 
(21 R) of a decentered prism (2R), made to enter the 
prism, total-reflected from a second surface (22R), 
back-reflected from a third surface (23R), made to exit 
from the prism through a fourth surface (24R) which the 
second surface (22R) serves as, directed to an exit pupil 
(4R) for the right eye, and projected to the right eye to 
form a magnified image of the image on the display el- 
ement (3). As for the left-eye optical path, the display 
light travels similarly. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to image display apparatus and, more particularly, to a head- or face-mounted 
image display apparatus that can be retained on the observer's head or face. 

BACKGROUND ART 

10 [0002] Image display apparatus designed to observe an image of a single image display device with two eyes have 
heretofore been known in Japanese Patent Application Unexamined Publication Number [hereinafter referred to as 
"JP(A)"] 5-176260, 9-61748, 9-181998 and 9-181999. 

[0003] An illuminating method for an image display apparatus designed to observe an image of a single image display 
device with two eyes has been known, for example, in JP(A) 7-318851 

15 [0004] Among them, the image display apparatus of JP(A) 5-176260 splits and folds light rays by a prism in the 
shape of an isosceles triangular prism and a mirror. Therefore, various aberrations are corrected by a lens placed in 
front of the pupil. This makes it difficult to correct aberrations, and at the same time, causes the apparatus to become 
large in size. In JP(A) 9-61748, display light from an LCD (liquid crystal display device) is split by using a half-mirror 
so as to be observed with two eyes. Because the display light is distributed to the left and right eyeballs, the image for 

20 observation becomes weak and dark. In JP(A) 9-181998 and 9-181999, because prisms are integrated, the prism 
structure is very large in size and requires a great deal of time and cost when it is produced by injection molding. In 
addition, correction of decentration aberrations is insufficient. 

[0005] Regarding an illuminating method for use in a case where a display image from a single display device is 
observed with two eyes, when an arrangement such as that disclosed in JP(A) 7-318851 is adopted, because images 
25 led to the left and right eyes are in reversed relation to each other, the display image needs to be electrically switched 
for the left and right by the display device or other device. 

DISCLOSURE OF THE INVENTION 

30 [0006] The present invention was made in view of the above-described problems with the prior art, and an object of 
the present invention is to provide an image display apparatus, e.g. a head-mounted image display apparatus, in which 
an image from a single image display device is led to two eyes without using a half-mirror, thereby allowing observation 
of a bright image, and in which a power is given to an optical path distributing means placed at the middle between 
the two eyes to facilitate the correction of various aberrations. In addition, an object of the present invention is to provide 

35 an illuminating method which is the most suitable for observation of a single panel (single image display device) with 
two eyes, and which can be used without the need to switch the display image for the left and right. 
[0007] An image display apparatus according to the present invention provided to attain the above-described object 
has an image display device for displaying an image to be observed by an observer, an optical path distributing mirror 
for distributing the image to an optical path for a right eye and an optical path for a left eye, an ocular prism for the 

40 right eye that is placed on the right-hand side of the optical path distributing mirror, and an ocular prism for the left eye 
that is placed on the left-hand side of the optical path distributing mirror. 

[0008] The optical path distributing mirror has a mirror surface placed to face the image display device to reflect a 
display light beam emanating from the image display device so as to distribute the display light beam to the ocular 
prism for the right eye and the prism for the left eye. The mirror surface has a rotationally asymmetric curved surface 

45 configuration that corrects decentration aberrations. 

[00091 Tne ocular prism for the right eye has a first surface through which the light beam of the optical path for the 
right eye reflected by the optical path distributing mirror enters the prism, a second surface which reflects the light 
beam of the optical path for the right eye within the prism, and a third surface through which the light beam of the 
optical path for the right eye exits from the prism. 

50 [0010] The ocular prism for the left eye has a first surface through which the light beam of the optical path for the 
left eye reflected by the optical path distributing mirror enters the prism, a second surface which reflects the light beam 
of the optical path for the left eye within the prism, and a third surface through which the light beam of the optical path 
for the left eye exits from the prism. 

[0011] At least the second surface of the ocular prism for the right eye, which is a reflecting surface, and the second 
55 surface of the ocular prism for the left eye, which is a reflecting surface, have a rotationally asymmetric curved surface 
configuration that corrects decentration aberrations. 

[0012] Another image display apparatus according to the present invention has an image display device for displaying 
an image to be observed by an observer, an optical path distributing prism for distributing the image to an optical path 
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for a right eye and an optical path for a left eye, an ocular prism for the right eye that is placed on the right-hand side 
of the optical path distributing prism, and an ocular prism for the left eye that is placed on the left-hand side of the 
optical path distributing prism. 

[0013] The optical path distributing prism has at least a first surface placed to face the image display device so that 
5 a display light beam emanating from the image display device enters the prism through the first surface, a second-first 
surface which reflects the optical path for the right eye entering through the first surface, a second-second surface 
which reflects the optical path for the left eye entering through the first surface, a third-first surface through which the 
light beam of the optical path for the right eye exits from the prism, and a third-second surface through which the light 
beam of the optical path for the left eye exits from the prism. 
10 [0014] To form a relay image for the right eye from the image displayed by the image display device in the optical 
path for the right eye and to form a relay image for the left eye from the image displayed by the image display device 
in the optical path for the left eye, the optical path distributing prism is arranged so that at least the second-first surface 
and the second-second surface have a curved surface configuration that gives a power to the light beam, and the 
second-first surface and the second-second surface have the same surface configuration. 
15 [0015] The ocular prism for the right eye has a first surface through which the light beam of the optical path for the 
right eye exiting from the third-first surface of the optical path distributing prism enters the prism, a second surface 
which reflects the light beam of the optical path for the right eye within the prism, and a third surface through which 
the light beam of the optical path for the right eye exits from the prism. 

[0016] The ocular prism for the left eye has a first surface through which the light beam of the optical path for the 
20 left eye exiting from the third-second surface of the optical path distributing prism enters the prism, a second surface 
which reflects the light beam of the optical path for the left eye within the prism, and a third surface through which the 
light beam of the optical path for the left eye exits from the prism. 

[0017] At least the second surface of the ocular prism for the right eye, which is a reflecting surface, and the second 
surface of the ocular prism for the left eye, which is a reflecting surface, have a rotationally asymmetric curved surface 

25 configuration that corrects decentration aberrations. 

[0018] With the above-described arrangement, the present invention can provide an image display apparatus, e.g. 
a head-mounted image display apparatus, in which an image from a single image display device is led to two eyes 
without using a half-mirror, thereby allowing observation of a bright image, and the correction of various aberrations is 
facilitated by placing an optical path distributing mirror or an optical path distributing prism at the middle between the 

30 two eyes. Further, it is possible to obtain an illuminating arrangement which is the most suitable for observation of a 
single panel with two eyes, and which can be used in the above-described arrangement without the need to switch the 
display image for the left and right. 

[0019] Still other objects and advantages of the invention will in part be obvious and will in part be apparent from the 
specification. 

35 [0020] The invention accordinglycomprises the features of construction, combinations of elements, and arrangement 
of parts which will be exemplified in the construction hereinafter set forth , and the scope of the invention will be indicated 
in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0021] 

Fig. 1 is a ray path diagram of an image display apparatus according to Example 1 of the present invention. 

Fig. 2 is a ray path diagram of an image display apparatus according to Example 2 of the present invention. 
45 Fig. 3 is a ray path diagram of an image display apparatus according to Example 3 of the present invention. 

Fig. 4 is a ray path diagram of an image display apparatus according to Example 4 of the present invention. 

Fig. 5 is a ray path diagram of an image display apparatus according to Example 5 of the present invention. 

Fig. 6 is a ray path diagram of an image display apparatus according to Example 6 of the present invention. 

Fig. 7 is a ray path diagram of an image display apparatus according to Example 7 of the present invention. 
so Fig. 8 is a ray path diagram of an image display apparatus according to Example 8 of the present invention. 

Fig. 9 is a ray path diagram of an image display apparatus according to Example 9 of the present invention. 

Fig. 10 is a ray path diagram of an image display apparatus according to Example 10 of the present invention. 

Fig. 11 is a ray path diagram of an image display apparatus according to Example 11 of the present invention. 

Fig. 12 is a ray path diagram of an image display apparatus according to Example 12 of the present invention. 
55 Fig. 13 is a ray path diagram of an image display apparatus according to Example 13 of the present invention. 

Fig. 14 is a ray path diagram of an image display apparatus according to Example 14 of the present invention. 

Fig. 15 is a ray path diagram of an image display apparatus according to Example 15 of the present invention. 

Fig. 1 6 is a diagram for describing an image display apparatus according to Example 1 6 of the present invention. 
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Fig. 1 7 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 
to Example 1 7 of the present invention. 

Fig. 1 8 is a horizontal sectional view showing optical systems for two eyes of an image display apparatus according 
to Example 1 8 of the present invention. 
5 Fig. 1 9 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 

to Example 1 9 of the present invention. 

Fig. 20 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 
to Example 20 of the present invention. 

Fig. 21 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 
10 to Example 21 of the present invention. 

Fig. 22 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 
to Example 22 of the present invention. 

Fig. 23 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 
to Example 23 of the present invention. 
15 Fig. 24 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 

to Example 24 of the present invention. 

Fig. 25 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 
to Example 25 of the present invention. 

Fig. 26 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 
20 to Example 26 of the present invention. 

Fig. 27 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 
to Example 27 of the present invention. 

Fig. 28 is a horizontal sectional view showing optical systems fortwo eyes of an image display apparatus according 
to Example 28 of the present invention. 
25 Fig. 29 is a ray path diagram of image display apparatus according to Examples 29 and 30 of the present invention. 

Fig. 30 is a diagram for describing the definition of parameters a and p. 
Fig. 31 is a diagram for describing the definition of parameters L and D. 

Fig. 32 is a horizontal sectional view of an optical system for a right eye according to Example 29. 

Fig. 33 is a horizontal sectional view of an optical system for a right eye according to Example 30. 
30 Fig. 34 is an aberrational diagram showing lateral aberrations in the optical system of Example 16. 

Fig. 35 is an aberrational diagram showing lateral aberrations in the optical system of Example 20. 

Fig. 36 is an aberrational diagram showing lateral aberrations in the optical system of Example 22. 

Fig. 37 is an aberrational diagram showing lateral aberrations in the optical system of Example 29. 

Fig. 38 is an aberrational diagram showing lateral aberrations in the optical system of Example 30. 
35 Fig. 39 is a diagram for describing an arrangement of the image display apparatus according to the present inven- 

tion when arranged to allow see-through observation. 

Fig. 40 is a perspective view illustrating the structure of an organic EL image display device. 

Fig. 41 is a view showing the way in which the image display apparatus according to the present invention is fitted 

on an observer's head. 

40 

BEST MODE OF CARRYING OUT THE INVENTION 

[0022] The image display apparatus according to the present invention will be described below by way of examples. 
Figs. 1 to 15 are ray path diagrams respectively showing image display apparatus according to Examples 1 to 16 of 
45 the present invention. 

[0023] In Example 1 shown in Fig. 1 , a right eye of an observer is denoted by ER, and a left eye of the observer is 
denoted by EL. An image display device of an image display apparatus is denoted by reference numeral 3. An exit 
pupil for the right eye is denoted by 4R, and an exit pupil for the left eye is denoted by 4L. A decentered prism member 
placed in front of the right eye as an optical system for the right eye is denoted by 2R, and a decentered prism member 

50 placed in front of the left eye as an optical system for the left eye is denoted by 2L. In addition, an optical path distributing 
mirror placed at the middle between the two eyes is denoted by 1 . The decentered prism members 2R and 2L are 
made of a transparent medium having a refractive index larger than 1 . In the following description, surfaces stated to 
be reflecting surfaces are mirror surfaces formed by providing mirror coatings on the relevant surfaces of the decentered 
prism members except totally reflecting surfaces. 

55 [0024] Example 1 is arranged as shown in Fig. 1 , which shows a horizontal section (YZ-section) thereof. The optical 
path distributing mirror 1 at the middle between the two eyes has a reflecting surface 1 R for a right optical path and a 
reflecting surface 1 L for a left optical path, which have symmetric configurations with respect to a plane of symmetry 
between the two eyes (i.e. a plane passing through the center of a line segment connecting the respective centers of 
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the exit pupil 4R for the right eye and the exit pupil 4L for the left eye at right angles to the line segment). 
[0025] The decentered prism member 2R, which constitutes an optical system for the right eye, and the decentered 
prism member 2L, which constitutes an optical system for the left eye, have the same configuration and are placed in 
symmetry with respect to the plane of symmetry between the two eyes. The decentered prism member 2R and the 
5 decentered prism member 2L each have, in order in which rays pass, a first surface 21 R (21 L), a second surface 22R 
(22L), a third surface 23R (23L), and a fourth surface 24R (24L). The second surface 22R (22L) and the fourth surface 
24R (24L) are the identical surface. The identical surface serves as both a totally reflecting surface and a transmitting 
surface. 

[0026] The image display device 3 is placed to face the optical path distributing mirror 1 on the observer side of the 

10 latter. The exit pupils 4R and 4L are located approximately in the same plane, facing the fourth surfaces 24R and 24L 
of the decentered prism members 2R and 2L, respectively. The surfaces 21 R to 24R, 21 L to 24L 1 R and 1 L of the 
decentered prism members 2R and 2L and the optical path distributing mirror 1 are formed from free-form surfaces 
expressed by equation (a), which will be described later. Each of the free-form surfaces can be replaced with a spherical 
surface including a plane surface, an aspherical surface, an anamorphic surface, or an anamorphic aspherical surface. 

15 [0027] In the above-described arrangement, the left and right optical paths, which are shown by the dashed lines, 
are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical path for the right 
eye will be described representatively. Display light from a single image display device 3 common to the two eyes is, 
first, incident on the reflecting surface 1 R of the optical path distributing mirror 1 and reflected by the reflecting surface 
1 R so as to enter the decentered prism member 2R. The incident light passes through the first surface 21 R to enter 

20 the prism and is incident on the second surface 22R at an incident angle not less than the critical angle, thereby being 
totally reflected by the second surface 22R. The reflected light is incident on the third surface 23R and back- reflected 
thereby so as to be incident on the fourth surface 24R at an incident angle less than the critical angle. The incident 
light is refracted by the fourth surface 24R to exit from the decentered prism member 2R. Then, the light is led to the 
exit pupil 4R for the right eye to project an enlarged image of the image display device 3 into the observer's right eye. 

25 it should be noted that no intermediate image is formed in the optical path from the image display device 3 to the exit 
pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the right eye with respect to 
the plane of symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. 
[0028] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing three reflections. Therefore, images led to the left and right eyes 

30 are not in mirror-image relation to each other. Accordingly, it is possible to see images of the same orientation with the 
left and right eyes. Moreover, because the image of the image display device 3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 
it is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. In addition, because one surface of the optical path distributing mirror 1 is used to distribute display light 

35 to the left and right optical paths, the production is easier than in the case of a prism having a multiplicity of surfaces, 
and the weight of the display apparatus can be reduced, advantageously. Furthermore, because the image display 
device 3 is located on the observer side, the whole display apparatus does not project forward to a considerable extent. 
In addition, it is possible to lead a display image from a single common image display device 3 to the two eyes as a 
bright image because the apparatus does not employ a half-mirror as is used in JP(A) 9-61748. In addition, by using 

40 free-form surfaces for the reflecting surfaces 1 R and 1 L of the optical path distributing mirror 1 , it becomes possible 
to correct decentration aberrations very favorably. 

[0029] Further, the decentered prism members 2R and 2L are placed at positions that are in plane symmetry with 
each other and have the same configuration. It is only necessary to prepare two decentered prism members 2R and 
2L having the same configuration and to place them at respective positions that are in plane symmetry with respect to 

45 the optical path distributing mirror 1 at the middle between the two eyes. 

[0030] Fig. 2 shows a horizontal section (YZ-section) of Example 2. Example 2 has a common negative lens 5 inserted 
in the optical path from the image display device 3 to the reflecting surface 1 R for the right optical path and the reflecting 
surface 1L for the left optical path of the optical path distributing mirror 1 in the arrangement of Example 1. The ar- 
rangement of the rest of Example 2 and the optical paths therein are the same as in Example 1. No intermediate image 

50 is formed as in the case of Example 1 . A diffractive optical element or a lenticular lens may be used in place of or in 
addition to the negative lens 5. By inserting the negative lens 5 or the like between the image display device 3 and the 
optical path distributing mirror 1 , aberrations can be corrected even more favorably. The use of a diffractive optical 
element or a lenticular lens allows the left and right optical paths to be divided from each other even more easily. 
[0031] Fig. 3 shows a horizontal section (YZ-section) of Example 3. Example 3 uses an optical path distributing prism 

55 10 formed from a decentered prism member with five surfaces in place of the optical path distributing mirror 1 placed 
at the middle between the two eyes in Examples 1 and 2. The decentered prism members 2L and 2R for the left and 
right eyes are the same as those in Examples 1 and 2. 

[0032] The optical path distributing prism 1 0 at the middle between the two eyes has a symmetric configuration with 
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respect to the plane of symmetry between the two eyes. The optical path distributing prism 1 0 has five surfaces: a first 
surface 1 1 as a transmitting surface located on the observer side of the image display device 3; a second surface 1 2R 
as a reflecting surface for the right optical path and a second surface 12L as a reflecting surface for the left optical 
path, which are located at both sides of the first surface 11 on the observer side thereof; and a transmitting surface 

5 13Lforthe left optical path and a transmitting surface 13R for the right optical path, which are located on the observer 
sides of the second surfaces 12R and 12L. The first surface 11 has a symmetric configuration with respect to the plane 
of symmetry between the two eyes. The second surfaces 12R and 12L have configurations that are symmetric with 
respect to the plane of symmetry between the two eyes. The third surfaces 13l_and 13R have configurations that are 
symmetric with respect to the plane of symmetry between the two eyes. The image display device 3 is placed to face 

10 the first surface 11 of the optical path distributing prism 10 on the side of the optical path distributing prism 10 remote 
from the observer. 

[0033] In the above-described arrangement, the left and right optical paths, which are shown by the dashed lines, 
are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical path for the right 
eye will be described representatively. Display light from a single image display device 3 common to the two eyes is, 

15 first, incident on the first surface 11 of the optical path distributing prism 1 0. The incident light is incident on the second 
surface 12R as a reflecting surface for the right optical path and reflected by the second surface 12R. The reflected 
light passes through the transmitting surface 13R for the right optical path and enters the decentered prism member 
2R. The incident light passes through thefirst surface 21 R to enterthe prism. The light is incident on the second surface 
22R at an incident angle not less than the critical angle and thus totally reflected by the second surface 22R. The 

20 reflected light is incident on the third surface 23R and back-reflected thereby so as to be incident on the fourth surface 
24R at an incident angle less than the critical angle. The incident light is refracted by the fourth surface 24R to exit 
from the decentered prism member 2R. Then, the light is led to the exit pupil 4R for the right eye to project an enlarged 
image of the image display device 3 into the observer's right eye. In this case, an intermediate image is formed once 
in the optical path from the image display device 3 to the exit pupil 4R. The optical path for the left eye is in symmetric 

25 relation to the optical path for the right eye with respect to the plane of symmetry between the two eyes as in the case 
of the arrangement of the optical system for the right eye. 

[0034] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing three reflections. Therefore, images led to the left and right eyes 
are not in mirror-image relation to each other. Accordingly, it is possible to see images of the same orientation with the 

30 left and right eyes. Moreover, because the image of the image display device3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 
it is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. In a case where no intermediate image is formed, it is difficult to ensure the required back focus, and a 
wide field angle cannot be obtained. In the case of this example, however, because an intermediate image is formed 

35 once, it is possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces 
and reflecting surfaces of the optical path distributing prism 10 are not surfaces shared between them, decentration 
aberrations can be corrected favorably. Because the reflecting surfaces 12R and 12L of the optical path distributing 
prism 10 do not use total reflection, it is possible to reduce the angle of incidence on the surfaces and to relax the 
requirement for the surface manufacturing accuracy. Furthermore, because the image display device 3 is located away 

40 from the observer, it does not interfere with the observer's nose. In addition, it is possible to lead a display image from 
a single common image display device 3 to the two eyes as a bright image because the apparatus does not employ a 
half-mirror as is used in JP(A) 9-61748. In addition, by using free-form surfaces for the reflecting surfaces 12R and 
12L of the optical path distributing prism 1 0, it becomes possible to correct decentration aberrations very favorably. 
[0035] Further, in both the left and right optical paths, the greater part of the optical path passes through the decen- 

45 tered prism members 1 0 and 2R (2L), which are filled with a transparent medium having a refractive index larger than 
1 , and the optical path is folded therein. Therefore, the whole ocular optical system can be made compact. Furthermore, 
the decentered prism members 2R and 2L are placed at positions that are in plane symmetry with each other and have 
the same configuration. It is only necessary to prepare two decentered prism members 2R and 2L having the same 
configuration and to place them at respective positions that are in plane symmetry with respect to the decentered prism 

50 member 1 0 at the middle between the two eyes. 

[0036] Fig. 4 shows a horizontal section (YZ-section) of Example 4. Example 4 uses an optical path distributing prism 
10 formed from a decentered prism member with five surfaces in place of the optical path distributing mirror 1 placed 
at the middle between the two eyes in Examples 1 and 2. The decentered prism members 2L and 2R for the left and 
right eyes are the same as those in Examples 1 and 2. A major difference from Example 3 is in the placement of the 

55 image display device 3. In Example 4, the image display device 3 is disposed on the observer side of the optical path 
distributing prism 10. 

[0037] The optical path distributing prism 1 0 at the middle between the two eyes has a symmetric configuration with 
respect to the plane of symmetry between the two eyes. The optical path distributing prism 1 0 has five surfaces: a first 
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surface 1 1 as a transmitting surface located on the side of the image display device 3 remote from the observer; a third 
surface 13R as a transmitting surface for the right optical path and a third surface 13L as a transmitting surface for the 
left optical path, which are located at both sides of the first surface 11 on the side thereof remote from the observer; 
and a second surface 12L as a reflecting surface for the left optical path and a second surface 12R as a reflecting 
5 surface for the right optical path, which are located on respective sides of the third surfaces 13R and 13L remote from 
the observer. The first surface 11 has a symmetric configuration with respect to the plane of symmetry between the 
two eyes. The third surfaces 13R and 13L and the second surfaces 12L and 12R have configurations that are symmetric 
with respect to the plane of symmetry between the two eyes. The image display device 3 is placed to face the first 
surface 11 of the optical path distributing prism 10 on the observer side of the optical path distributing prism 10. 
10 [0038] In the above-described arrangement, the left and right optical paths, which are shown by the dashed lines, 
are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical path for the right 
eye will be described representatively. Display light from a single image display device 3 common to the two eyes is, 
first, incident on the first surface 1 1 of the optical path distributing prism 1 0. The incident light is incident on the second 
surface 12R as a reflecting surface for the right optical path and reflected by the second surface 12R. The reflected 
15 light passes through the transmitting surface 13R for the right optical path and enters the decentered prism member 
2R. The incident light passes through thefirst surface 21 R to enterthe prism. The light is incident on the second surface 
22R at an incident angle not less than the critical angle and thus totally reflected by the second surface 22R. The 
reflected light is incident on the third surface 23R and back-reflected thereby so as to be incident on the fourth surface 
24R at an incident angle less than the critical angle. The incident light is refracted by the fourth surface 24R to exit 
20 from the decentered prism member 2R. Then, the light is led to the exit pupil 4R forthe right eye to project an enlarged 
image of the image display device 3 into the observer's right eye. In this case, an intermediate image is formed once 
in the optical path from the image display device 3 to the exit pupil 4R. The optical path for the left eye is in symmetric 
relation to the optical path for the right eye with respect to the plane of symmetry between the two eyes as in the case 
of the arrangement of the optical system for the right eye. 
25 [0039] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing three reflections. Therefore, images led to the left and right eyes 
are not in mirror-image relation to each other. Accordingly, it is possible to see images of the same orientation with the 
left and right eyes. Moreover, because the image of the image display device 3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 
so jt is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. In a case where no intermediate image is formed, it is difficult to ensure the required back focus, and a 
wide field angle cannot be obtained. In the case of this example, however, because an intermediate image is formed 
once, it is possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces 
and reflecting surfaces of the optical path distributing prism 10 are not surfaces shared between them, decentration 
35 aberrations can be corrected favorably. Because the reflecting surfaces 12R and 12L of the optical path distributing 
prism 10 do not use total reflection, it is possible to reduce the angle of incidence on the surfaces and to relax the 
requirement for the surface manufacturing accuracy. Furthermore, because the image display device 3 is located on 
the observer side, the whole display apparatus does not project forward to a considerable extent. In addition, it is 
possible to lead a display image from a single common image display device 3 to the two eyes as a bright image 
40 because the apparatus does not employ a half-mirror as is used in JP(A) 9-61748. In addition, by using free-form 
surfaces forthe reflecting surfaces 12R and 12L of the optical path distributing prism 10, it becomes possible to correct 
decentration aberrations very favorably. 

[0040] Further, in both the left and right optical paths, the greater part of the optical path passes through the decen- 
tered prism members 10 and 2R (2L), which are filled with a transparent medium having a refractive index larger than 

45 1 , and the optical path is folded therein. Therefore, the whole ocular optical system can be made compact. Furthermore, 
the decentered prism members 2R and 2L are placed at positions that are in plane symmetry with each other and have 
the same configuration. It is only necessary to prepare two decentered prism members 2R and 2L having the same 
configuration and to place them at respective positions that are in plane symmetry with respect to the decentered prism 
member 10 at the middle between the two eyes. 

50 [0041] Fig. 5 shows a horizontal section (YZ-section) of Example 5. Example 5 uses an optical path distributing prism 
1 0 formed from a decentered prism member with three surfaces in place of the optical path distributing prism 1 0 formed 
from a decentered prism member with five surfaces in Examples 3 and 4. The decentered prism members 2L and 2R 
forthe left and right eyes are the same as those in Examples 1 to 4. 

[0042] The optical path distributing prism 1 0 at the middle between the two eyes has a symmetric configuration with 
55 respect to the plane of symmetry between the two eyes. The optical path distributing prism 10 has three surfaces: a 
first surface 1 1 as a transmitting surface located on the observer side of the image display device 3; a second surface 
12R as a reflecting surface for the right optical path and a second surface 12L as a reflecting surface forthe left optical 
path, which are located at both sides of the first surface 11 on the observer side thereof and function as totally reflecting 
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surfaces; a transmitting surface 13L for the left optical path, which is the identical with the second surface 12R as a 
reflecting surface for the right optical path; and a transmitting surface 1 3R for the right optical path, which is the identical 
with the second surface 12L as a reflecting surface for the left optical path. The first surface 11 has a symmetric 
configuration with respect to the plane of symmetry between the two eyes. The second surfaces 12R (13L) and 12L 
5 (13R) have configurations that are symmetric with respect to the plane of symmetry between the two eyes. The image 
display device 3 is placed to face the first surface 11 of the optical path distributing prism 1 0 on the side of the optical 
path distributing prism 1 0 remote from the observer. 

[0043] In the above-described arrangement, the left and right optical paths, which are shown by the dashed lines, 
are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optica! path for the right 

10 eye will be described representatively. Display light from a single image display device 3 common to the two eyes is, 
first, incident on the first surface 1 1 of the optical path distributing prism 1 0. The incident light is incident on the second 
surface 12R as a reflecting surface for the right optical path and totally reflected by the second surface 12R. The 
reflected light passes through the transmitting surface 13R (12L) for the right optical path and enters the decentered 
prism member 2R. The incident light passes through the first surface 21 R to enter the prism. The light is incident on 

15 the second surface 22R at an incident angle not less than the critical angle and thus totally reflected by the second 
surface 22R. The reflected light is incident on the third surface 23R and back-reflected thereby so as to be incident on 
the fourth surface 24R at an incident angle less than the critical angle. The incident light is refracted by the fourth 
surface 24R to exit from the decentered prism member 2R. Then, the light is led to the exit pupil 4R for the right eye 
to project an enlarged image of the image display device 3 into the observer's right eye. In this case, an intermediate 

20 image is formed once in the optical path from the image display device 3 to the exit pupil 4R. The optical path for the 
left eye is in symmetric relation to the optical path for the right eye with respect to the plane of symmetry between the 
two eyes as in the case of the arrangement of the optical system for the right eye. 

[0044] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing three reflections. Therefore, images led to the left and right eyes 

25 are not in mirror-image relation to each other. Accordingly, it is possible to see images of the same orientation with the 
left and right eyes. Moreover, because the image of the image display device3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 
it is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. In a case where no intermediate image is formed, it is difficult to ensure the required back focus, and a 

30 wide field angle cannot be obtained. In the case of this example, however because an intermediate image is formed 
once, it is possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces 
of the optical path distributing prism 10 are also used as reflecting surfaces, the number of effective surfaces of the 
optical path distributing prism 1 0 is only three. Therefore, the production is very easy. Furthermore, because the image 
display device 3 is located away from the observer, it does not interfere with the observer's nose. In addition, it is 

35 possible to lead a display image from a single common image display device 3 to the two eyes as a bright image 
because the apparatus does not employ a half-mirror as is used in JP(A) 9-61 74B. In addition, by using free-form 
surfaces for the reflecting surfaces 12R and 12L of the optical path distributing prism 10, it becomes possible to correct 
decentration aberrations very favorably. 

[0045] Further, in both the left and right optical paths, the greater part of the optical path passes through the decen- 

40 tered prism members 1 0 and 2R (2L), which are filled with a transparent medium having a refractive index larger than 
1 , and the optical path is folded therein. Therefore, the whole ocular optical system can be made compact. Furthermore, 
the decentered prism members 2R and 2L are placed at positions that are in plane symmetry with each other and have 
the same configuration. It is only necessary to prepare two decentered prism members 2R and 2L having the same 
configuration and to place them at respective positions that are in plane symmetry with respect to the decentered prism 

45 member 1 0 at the middle between the two eyes. 

[0046] Fig. 6 shows a horizontal section (YZ-section) of Example 6. Example 6 uses an optical path distributing prism 
1 0 formed from a decentered prism member with six surfaces in place of the optical path distributing prism 1 0 formed 
from a decentered prism member with five surfaces in Examples 3 and 4. The decentered prism members 2L and 2R 
for the left and right eyes are the same as those in Examples 1 to 5. 

so [0047] The optical path distributing prism 1 0 at the middle between the two eyes has a symmetric configuration with 
respect to the plane of symmetry between the two eyes. The optical path distributing prism 1 0 has six surfaces: a first 
surface 11 as a transmitting surface located on the observer side of the image display device 3; a second surface 12R 
as a reflecting surface facing the first surface 1 1 and also facing the observer; a third surface 1 3R as a reflecting surface 
for the right optical path and a third surface 13L as a reflecting surface for the left optical path, which are located at 

55 both sides of the first surface 1 1 on the observer side thereof; and a fourth surface 1 4L as a transmitting surface for 
the left optical path and a fourth surface 14R as a transmitting surface for the right optical path, which are located on 
both sides between the second surface 12 and the third surfaces 13R and 13L. The first surface 11 and the second 
surface 12 each have a symmetric configuration with respect to the plane of symmetry between the two eyes. The 
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third surfaces 13R and 13L and the fourth surfaces 14L and 14R have configurations that are symmetric with respect 
to the plane of symmetry between the two eyes. The image display device 3 is placed to face the first surface 11 of 
the optical path distributing prism 10 on the side of the optical path distributing prism 10 remote from the observer 
[0048] In the above-described arrangement, the left and right optical paths, which are shown by the dashed lines, 

5 are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical path for the right 
eye will be described representatively. Display light from a single image display device 3 common to the two eyes is, 
first, incident on the first surface 1 1 of the optical path distributing prism 1 0, which is common to the left and right. The 
incident light is reflected by the second surface 12, which is common to the left and right. The reflected light is incident 
on the third surface 1 3R as a reflecting surface for the right optical path and reflected by the third surface 13R. The 

10 reflected light passes through the transmitting surface 14R for the right optical path and enters the decentered prism 
member 2R. The incident light passes through the first surface 21 R to enter the prism. The light is incident on the 
second surface 22R at an incident angle not less than the critical angle and thus totally reflected by the second surface 
22R. The reflected light is incident on the third surface 23R and back-reflected thereby so as to be incident on the 
fourth surface 24R at an incident angle less than the critical angle. The incident light is refracted by the fourth surface 

15 24R to exit from the decentered prism member 2R. Then, the light is led to the exit pupil 4R for the right eye to project 
an enlarged image of the image display device 3 into the observer's right eye. In this case, an intermediate image is 
formed once in the optical path from the image display device 3 to the exit pupil 4R. The optical path for the left eye is 
in symmetric relation to the optical path for the right eye with respect to the plane of symmetry between the two eyes 
as in the case of the arrangement of the optical system for the right eye. 

20 [0049] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing four reflections. Therefore, images led to the left and right eyes 
are not in mirror-image relation to each other. Accordingly, it is possible to see images of the same orientation with the 
left and right eyes. Moreover, because the image of the image display device 3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 

25 jt is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. In a case where no intermediate image is formed, it is difficult to ensure the required back focus, and a 
wide field angle cannot be obtained. In the case of this example, however because an intermediate image is formed 
once, it is possible to correct aberrations favorably even at a wide field angle. In addition, because the optical path 
distributing prism 10 is arranged to reflect light twice therein, it is possible to correct decentration aberrations very 

30 favorably. Furthermore, because the image display device 3 is located away from the observer, it does not interfere 
with the observer's nose. In addition, it is possible to lead a display image from a single common image display device 
3 to the two eyes as a bright image because the apparatus does not employ a half-mirror as is used in JP(A) 9-61 748. 
Inaddition, by using free-form surfaces for the reflecting surfaces 12, 13Rand 13L of the optical path distributing prism 
10, it becomes possible to correct decentration aberrations very favorably. 

35 [0050] Further, in both the left and right optical paths, the greater part of the optical path passes through the decen- 
tered prism members 10 and 2R (2L), which are filled with a transparent medium having a refractive index larger than 
1 , and the optical path is folded therein. Therefore, the whole ocular optical system can be made compact. Furthermore, 
the decentered prism members 2R and 2L are placed at positions that are in plane symmetry with each other and have 
the same configuration. It is only necessary to prepare two decentered prism members 2R and 2L having the same 

40 configuration and to place them at respective positions that are in plane symmetry with respect to the decentered prism 
member 10 at the middle between the two eyes. 

[0051] Fig. 7 shows a horizontal section (YZ-section) of Example 7. In Example 7, a decentered prism member 2R 
constituting an optical system for the right eye and a decentered prism member 2L constituting an optical system for 
the left eye have the same configuration and are placed in symmetry with respect to the plane of symmetry between 
45 the two eyes. The decentered prism member 2R and the decentered prism member 2L each have, in order in which 
rays pass, a first surface 21 R (21 L), a second surface 22R (22L), a third surface 23R (23L), a fourth surface 24R (24L) 5 
and a fifth surface 25R (25L). The third surface 23R (23L) and the fifth surface 25R (25L) are the identical surface. 
The identical surface serves as both a totally reflecting surface and a transmitting surface. 

[0052] The optical path distributing prism 1 0 at the middle between the two eyes has a symmetric configuration with 
50 respect to the plane of symmetry between the two eyes as in the case of Example 4 (Fig. 4) . The optical path distributing 
prism 1 0 has five surfaces: a first surface 1 1 as a transmitting surface located on the observer side of the image display 
device 3; a third surface 13R as a transmitting surface for the right optical path and a third surface 1 3L as a transmitting 
surface for the left optical path, which are located at both sides of the first surface 1 1 on the observer side thereof; and 
a second surface 1 2L as a reflecting surface for the left optical path and a second surface 1 2R as a reflecting surface 
55 for the right optical path, which are located on the observer sides of the third surfaces 13R and 13L, respectively. The 
first surface 11 has a symmetric configuration with respect to the plane of symmetry between the two eyes. The third 
surfaces 13R and 13L and the second surfaces 12L and 12R have configurations that are symmetric with respect to 
the plane of symmetry between the two eyes. The image display device 3 is placed to face the first surface 11 of the 
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optical path distributing prism 10 on the side of the optical path distributing prism 1 0 remote from the observer 
[0053] In the above-described arrangement, the left and right optical paths, which are shown by the dashed lines, 
are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical path for the right 
eye will be described representatively. Display light from a single image display device 3 common to the two eyes is, 

5 first, incident on the first surface 1 1 of the optical path distributing prism 1 0. The incident light is incident on the second 
surface 12R as a reflecting surface for the right optical path and reflectecf by the second surface 12R. The reflected 
light passes through the transmitting surface 13R for the right optical path and enters the decentered prism member 
2R. The incident light passes through the first surface 21 R to enter the prism. The light is reflected by the second 
surface 22R, and the reflected light is incident on the third surface 23R at an incident angle not less than the critical 

10 angle and thus totally reflected by the third surface 23R. The reflected light is incident on the fourth surface 24R and 
back- reflected thereby so as to be incident on the fifth surface 25R at an incident angle less than the critical angle. 
The incident light is refracted by the fifth surface 25R to exit from the decentered prism member 2R. Then, the light is 
led to the exit pupil 4R for the right eye to project an enlarged image of the image display device 3 into the observer's 
right eye. In this case, an intermediate image is formed once in the optical path from the image display device 3 to the 

15 exit pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the right eye with respect 
to the plane of symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. 
[0054] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing four reflections. Therefore, images led to the left and right eyes 
are not in mirror- image relation to each other. Accordingly, it is possible to see images of the same orientation with the 

20 left and right eyes. Moreover, because the image of the image display device 3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 
it is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. In a case where no intermediate image is formed, it is difficult to ensure the required back focus, and a 
wide field angle cannot be obtained. In the case of this example, however because an intermediate image is formed 

25 once, it is possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces 
and reflecting surfaces of the optical path distributing prism 10 are not surfaces shared between them, decentration 
aberrations can be corrected favorably. Because the reflecting surfaces 12R and 12L of the optical path distributing 
prism 10 do not use total reflection, it is possible to reduce the angle of incidence on the surfaces and to relax the 
requirement for the surface manufacturing accuracy. Furthermore, because the image display device 3 is located away 

30 from the observer, it does not interfere with the observer's nose. In addition, it is possible to lead a display image from 
a single common image display device 3 to the two eyes as a bright image because the apparatus does not employ a 
half-mirror as is used in JP(A) 9-61748. In addition, by using free-form surfaces for the reflecting surfaces 12R and 
12L of the optical path distributing prism 10, it becomes possible to correct decentration aberrations very favorably. 
[0055] Further, in both the left and right optical paths, the greater part of the optical path passes through the decen- 

35 tered prism members 1 0 and 2R (2L), which are filled with a transparent medium having a refractive index larger than 
1 , and the optical path is folded therein. Therefore, the whole ocular optical system can be made compact. Furthermore, 
the decentered p rism members 2R and 2L are placed at positions that are in plane symmetry with each other and have 
the same configuration. It is only necessary to prepare two decentered prism members 2R and 2L having the same 
configuration and to place them at respective positions that are in plane symmetry with respect to the decentered prism 

40 member 1 0 at the middle between the two eyes. 

[0056] Fig. 8 shows a horizontal section (YZ-section) of Example 8. Example 8 uses an optical path distributing prism 
10 formed from a decentered prism member with three surfaces as in the case of Example 5 (Fig. 5), in place of the 
optical path distributing prism 10 formed from a decentered prism member with five surfaces in Example 7. The de- 
centered prism members 2L and 2R for the left and right eyes are the same as those in Example 7. 

45 [0057] The optical path distributing prism 1 0 at the middle between the two eyes has a symmetric configuration with 
respect to the plane of symmetry between the two eyes as in the case of Example 5 (Fig. 5) . The optical path distributing 
prism 10 has three surfaces: a first surface 11 as a transmitting surface located on the side of the image display device 
3 remote from the observer; a second surface 1 2R as a reflecting surface for the right optical path and a second surface 
12L as a reflecting surface for the left optical path, which are located at both sides of the first surface 1 1 on the observer 

50 side thereof and function as totally reflecting surfaces; a transmitting surface 13Lfor the left optical path, which is the 
identical with the second surface 12R as a reflecting surface for the right optical path; and a transmitting surface 13R 
for the right optical path, which is the identical with the second surface 12L as a reflecting surface for the left optical 
path. The first surface 11 has a symmetric configuration with respect to the plane of symmetry between the two eyes. 
The second surfaces 12R (13L) and 12L (13R) have configurations that are symmetric with respect to the plane of 

55 symmetry between the two eyes. The image display device 3 is placed to face the first surface 11 of the optical path 
distributing prism 10 on the observer side of the optical path distributing prism 10 

[0058] In the above-described arrangement, the left and right optical paths, which are shown by the dashed lines, 
are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical path for the right 
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eye will be described representatively. Display light from a single image display device 3 common to the two eyes is, 
first, incident on the first surface 1 1 of the optical path distributing prism 10. The incident light is incident on the second 
surface 12R as a reflecting surface for the right optical path and totally reflected by the second surface 12R. The 
reflected light passes through the transmitting surface 13R (12L) for the right optical path and enters the decentered 

5 prism member 2R. The incident light passes through the first surface 21 R to enter the prism. The light is reflected by 
the second surface 22R, and the reflected light is incident on the third surface 23R at an incident angle not less than 
the critical angle and thus totally reflected by the third surface 23R. The reflected light is incident on the fourth surface 
24R and back-reflected thereby so as to be incident on the fifth surface 25R at an incident angle less than the critical 
angle. The incident light is refracted by the fifth surface 25R to exit from the decentered prism member 2R. Then, the 

10 light is led to the exit pupil 4R for the right eye to project an enlarged image of the image display device 3 into the 
observer's right eye. In this case, an intermediate image is formed once in the optical path from the image display 
device 3 to the exit pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the right 
eye with respect to the plane of symmetry between the two eyes as in the case of the arrangement of the optical system 
for the right eye. 

15 [0059] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing four reflections. Therefore, images led to the left and right eyes 
are not in mirror-image relation to each other. Accordingly, it is possible to see images of the same orientation with the 
left and right eyes. Moreover, becausethe image of the image display device 3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 

20 it is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. In a case where no intermediate image is formed, it is difficult to ensure the required back focus, and a 
wide field angle cannot be obtained. In the case of this example, however because an intermediate image is formed 
once, it is possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces 
of the optical path distributing prism 10 are also used as reflecting surfaces, the number of effective surfaces of the 

25 optical path distributing prism 1 0 is only three. Therefore, the production is very easy. Furthermore, because the image 
display device 3 is located on the observer side, the whole display apparatus does not project forward to a considerable 
extent. In addition, it is possible to lead a display image from a single common image display device 3 to the two eyes 
as a bright image becausethe apparatus does not employ a half-mirror as is used in JP(A) 9-61748. In addition, by 
using free-form surfaces for the reflecting surfaces 12R and 12L of the optical path distributing prism 1 0, it becomes 

30 possible to correct decentration aberrations very favorably. 

[0060] Further, in both the left and right optical paths, the greater part of the optical path passes through the decen- 
tered prism members 10 and 2R (2L), which are filled with a transparent medium having a refractive index larger than 
1 , and the optical path is folded therein. Therefore, the whole ocular optical system can be made compact. Furthermore, 
the decentered prism members 2R and 2L are placed at positions that are in plane symmetry with each other and have 

35 the same configuration. It is only necessary to prepare two decentered prism members 2R and 2L having the same 
configuration and to place them at respective positions that are in plane symmetry with respect to the decentered prism 
member 10 at the middle between the two eyes. 

[0061] Fig. 9 shows a horizontal section (YZ-section) of Example 9. Example 9 uses an optical path distributing prism 
10 formed from a decentered prism member with six surfaces as in the case of Example 6 (Fig. 6) in place of the optical 
40 path distributing prism 1 0 formed from a decentered prism member with five surfaces in Example 7. The decentered 
prism members 2L and 2R for the left and right eyes are the same as those in Example 7. 

[0062] The optical path distributing prism 1 0 at the middle between the two eyes has a symmetric configuration with 
respect to the plane of symmetry between the two eyes as in the case of Example 6 (Fig. 6). The optical path distributing 
prism 10 has six surfaces: a first surface 11 as a transmitting surface located on the side of the image display device 

45 3 remote from the observer; a second surface 12R as a reflecting surface facing the first surface 11 on the side of the 
first surface 11 remote from the observer; a third surface 13R as a reflecting surface for the right optical path and a 
third surface 13L as a reflecting surface for the left optical path, which are located at both sides of the first surface 11 
on the side thereof remote from the observer; and a fourth surface 1 4L as a transmitting surface for the left optical path 
and a fourth surface 1 4R as a transmitting surface for the right optical path, which are located on both sides between 

50 the second surface 1 2 and the third surfaces 1 3R and 1 3L. The first surface 1 1 and the second surface 1 2 each have 
a symmetric configuration with respect to the plane of symmetry between the two eyes. The third surfaces 13R and 
13L and the fourth surfaces 14Land 14Rhave configurations that are symmetric with respect to the plane of symmetry 
between the two eyes. The image display device 3 is placed to face the first surface 11 of the optical path distributing 
prism 10 on the observer side of the optical path distributing prism 10. 

55 [0063] In the above-described arrangement, the left and right optical paths, which are shown by the dashed lines, 
are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optica! path for the right 
eye will be described representatively. Display light from a single image display device 3 common to the two eyes is, 
first, incident on the first surface 1 1 of the optical path distributing prism 1 0, which is common to the left and right. The 
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incident light is reflected by the second surface 1 2, which is common to the left and right. The reflected light is incident 
on the third surface 13R as a reflecting surface for the right optical path and reflected by the third surface 13R. The 
reflected light passes through the transmitting surface 14R for the right optical path and enters the decentered prism 
member 2R. The incident light passes through the first surface 21 R to enter the prism. The light is reflected by the 

s second surface 22R, and the reflected light is incident on the third surface 23R at an incident angle not less than the 
critical angle and thus totally reflected by the third surface 23R. The reflected light is incident on the fourth surface 24R 
and back-reflected thereby so as to be incident on the fifth surface 25R at an incident angle less than the critical angle. 
The incident light is refracted by the fifth surface 25R to exit from the decentered prism member 2R. Then, the light is 
led to the exit pupil 4R for the right eye to project an enlarged image of the image display device 3 into the observer's 

10 right eye. In this case, an intermediate image is formed once in the optical path from the image display device 3 to the 
exit pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the right eye with respect 
to the plane of symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. 
[0064] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing five reflections. Therefore, images led to the left and right eyes 

15 are not in mirror-image relation to each other. Accordingly, it is possible to see images of the same orientation with the 
left and right eyes. Moreover, because the image of the image display device 3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 
it is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. In a case where no intermediate image is formed, it is difficult to ensure the required back focus, and a 

20 wide field angle cannot be obtained. In the case of this example, however because an intermediate image is formed 
once, it is possible to correct aberrations favorably even at a wide field angle. In addition, because the optical path 
distributing prism 10 is arranged to reflect light twice therein, it is possible to correct decentration aberrations very 
favorably. Furthermore, because the image display device 3 is located on the observerside, the whole display apparatus 
does not project forward to a considerable extent. In addition, it is possible to lead a display image from a single common 

25 image display device 3 to the two eyes as a bright image because the apparatus does not employ a half-mirror as is 
used in JP(A) 9-61748. In addition, by using free-form surfaces for the reflecting surfaces 12, 13Rand 13L of the optical 
path distributing prism 10 it becomes possible to correct decentration aberrations very favorably. 
[0065] Further, in both the left and right optical paths, the greater part of the optical path passes through the decen- 
tered prism members 1 0 and 2R (2L), which are filled with a transparent medium having a refractive index larger than 

30 1 , and the optical path is folded therein. Therefore, the whole ocular optical system can be made compact. Furthermore, 
the decentered prism members 2R and 2L are placed at positions that are in plane symmetry with each other and have 
the same configuration. It is only necessary to prepare two decentered prism members 2R and 2L having the same 
configuration and to place them at respective positions that are in plane symmetry with respectto the decentered prism 
member 10 at the middle between the two eyes. 

35 [0066] Fig. 10 shows a horizontal section (YZ-section) of Example 10. In Example 10, a decentered prism member 
2R for the right eye and a decentered prism member 2L for the left eye, which are formed from respective decentered 
prism members of the same configuration having three surfaces, are placed in symmetry with respect to the plane of 
symmetry between the two eyes, in place of the decentered prism member 2R for the right eye and the decentered 
prism member 2L for the left eye, which are formed from respective decentered prism members each having four 

40 surfaces in Example 8 (Fig. 8). The optical path distributing prism 10 is the same as in Example 8. Light entering the 
decentered prism member 2R through a first surface 21 R thereof is reflected by a second surface 22 R. The reflected 
light is refracted by a third surface 23 R to exit from the decentered prism member 2R. Then, the light is led to the exit 
pupil 4R for the right eye to project an enlarged image of the image display device 3 into the observer's right eye. In 
this case, an intermediate image is formed once in the optical path from the image display device 3 to the exit pupil 

45 4R. The optical path for the left eye is in symmetric relation to the optical path forthe right eye with respectto the plane 
of symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. The rest 
of Example 10 is the same as that in Example 8. 

[0067] Fig. 11 shows a horizontal section (YZ-section) of Example 11. In Example 11 , a decentered prism member 
2R forthe right eye and a decentered prism member 2L forthe left eye, which are formed from respective decentered 

50 prism members of the same configuration having three surfaces, are placed in symmetry with respect to the plane of 
symmetry between the two eyes, in place of the decentered prism member 2R for the right eye and the decentered 
prism member 2L forthe left eye, which are formed from respective decentered prism members each having four 
surfaces in Example 7 (Fig. 7). The optical path distributing prism 10 is the same as in Example 7. Light entering the 
decentered prism member 2R through a first surface 21 R thereof is reflected by a second surface 22R. The reflected 

55 light is refracted by a third surface 23R to exit from the decentered prism member 2R. Then, the light is led to the exit 
pupil 4R for the right eye to project an enlarged image of the image display device 3 into the observer's right eye. In 
this case, an intermediate image is formed once in the optical path from the image display device 3 to the exit pupil 
4R. The optical path forthe left eye is in symmetric relation to the optical path forthe right eye with respectto the plane 
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of symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. The rest 
of Example 11 is the same as that in Example 7. 

[0068] Fig. 12 shows a horizontal section (YZ-section) of Example 12. Example 12 uses an optical path distributing 
prism 10 formed from a decentered prism member having seven surfaces. A decentered prism member 2R constituting 

5 an optical system for the right eye and a decentered prism member 2L constituting an optical system for the left eye 
have the same configuration and are placed in symmetry with respect to the plane of symmetry between the two eyes. 
The decentered prism member 2R and the decentered prism member 2L each have, in order in which rays pass, a 
first surface 21 R (21 L), a second surface 22R (22L), a third surface 23R (23L), and a fourth surface 24R (24L). 
[0069] The optical path distributing prism 1 0 at the middle between the two eyes has a symmetric configuration with 

10 respect to the plane of symmetry between the two eyes. The optical path distributing prism 10 has seven surfaces: a 
first surface 11 as a transmitting surface located on the side remote from the observer; a third surface 13R as a reflecting 
surface for the right optical path and a third surface 13L as a reflecting surface for the left optical path, which are located 
at both sides of the first surface 1 1 on the side remote from the observer; a fourth surface 1 4L as a transmitting surface 
for the left optical path and a fourth surface 14R as a transmitting surface for the right optical path, which are located 

15 on the observer sides of the third surfaces 13R and 13L, respectively; and a second surface 12L as a reflecting surface 
for the left optical path and a second surface 12R as a reflecting surface for the right optical path, which are located 
on the observer sides of the fourth surfaces 14R and 14L. The first surface 11 has a symmetric configuration with 
respect to the plane of symmetry between the two eyes. The third surfaces 1 3R and 1 3L, the fourth surfaces 1 4L and 
1 4R and the second surfaces 1 2L and 1 2R have configurations that are symmetric with respectto the plane of symmetry 

20 between the two eyes. The image display device 3 is placed to face the first surface 11 of the optical path distributing 
prism 1 0 on the side of the optical path distributing prism 10 remote from the observer 

[0070] In the above-described arrangement, the left and right optical paths, which are shown by the dashed lines, 
are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical path for the right 
eye will be described representatively. Display light from a single image display device 3 common to the two eyes is, 

25 first, incident on the first surface 1 1 of the optical path distributing prism 1 0. The incident light is incident on the second 
surface 12R as a reflecting surface for the right optical path and reflected by the second surface 12R. The reflected 
light is incident on the third surface 1 3R as the subsequent reflecting surface for the right optical path and reflected by 
the third surface 13R. The reflected light passes through the transmitting surface 14R for the right optical path and 
enters the decentered prism member 2R. The incident light passes through the first surface 21 R to enter the prism. 

30 The light is incident on the second surface 22R and back-reflected thereby. The reflected light is incident on the third 
surface 23 R and back- reflected thereby. The reflected light is refracted by the fourth surface 24 R to exit from the 
decentered prism member 2R. Then, the light is led to the exit pupil 4R for the right eye to project an enlarged image 
of the image display device 3 into the observer's right eye. In this case, an intermediate image is formed once in the 
optical path from the image display device 3 to the exit pupil 4R. The optical path for the left eye is in symmetric relation 

35 to the optical path for the right eye with respect to the plane of symmetry between the two eyes as in the case of the 
arrangement of the optical system for the right eye. 

[0071] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing four reflections. Therefore, images led to the left and right eyes 
are not in mirror-image relation to each other. Accordingly, it is possible to see images of the same orientation with the 

40 left and right eyes. Moreover, because the image of the image display device 3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 
it is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. In a case where no intermediate image is formed, it is difficult to ensure the required back focus, and a 
wide field angle cannot be obtained. In the case of this example, however because an intermediate image is formed 

45 once, it is possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces 
and reflecting surfaces of the optical path distributing prism 10 are not surfaces shared between them, decentration 
aberrations can be corrected favorably. Because the reflecting surfaces 12R, 12L, 13R and 13L of the optical path 
distributing prism 10 do not use total reflection, it is possible to reduce the angle of incidence on the surfaces and to 
relax the requirement for the surface manufacturing accuracy. Furthermore, because the image display device 3 is 

50 located away from the observer, it does not interfere with the observer's nose. In addition, it is possible to lead a display 
image from a single common image display device 3 to the two eyes as a bright image because the apparatus does 
not employ a half-mirror as is used in JP(A) 9-61 748. In addition, by using free-form surfaces forthe reflecting surfaces 
12R, 12L, 13R and 13Lof the optical path distributing prism 10, it becomes possible to correct decentration aberrations 
very favorably. 

55 [0072] Further, in both the left and right optical paths, the greater part of the optical path passes through the decen- 
tered prism members 10 and 2R (2L), which are filled with a transparent medium having a refractive index larger than 
1, and the optical path is folded therein. Therefore, the whole ocular optical system can be made compact. Furthermore, 
the decentered prism members 2R and 2L are placed at positions that are in plane symmetry with each other and have 
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the same configuration. It is only necessary to prepare two decentered prism members 2R and 2L having the same 
configuration and to place them at respective positions that are in plane symmetry with respect to the decentered prism 
member 1 0 at the middle between the two eyes. 

[0073] In this example, none of the optical path distributing prism 1 0 and the decentered prism members 2R and 2L 

5 use a totally reflecting surface. When a totally reflecting surface is used, the incident angle of light rays needs to be 
increased greatly in order to satisfy the condition for total reflection. However, when a power is given to a surface 
having a large incident angle, decentration aberrations occur to a considerable extent. Therefore, only a weak power 
can be given to such a surface. In this example, which does not use such a totally reflecting surface, however, powers 
can be distributed equally to various surfaces by utilizing ordinary reflection. Thus, it is possible to correct decentration 

10 aberrations very favorably. In addition, because the optical path is arranged to cross itself within each of the decentered 
prisms 10 2R and 2L, it is possible to increase the optical path length of the ocular prism. Therefore, an intermediate 
image can be formed at a position within the ocular prism. Accordingly, it is possible to lengthen the overall distance 
from the intermediate image to the display device and to set a weak power for the optical path distributing prism 10. 
Consequently, it is possible to ensure favorable image-forming performance. 

15 [0074] Examples 13 to 15 are examples relating to an illuminating optical system for the image display device 3. 
Example 13 shown in Fig. 13 is an example in which a transmission type LCD (liquid crystal display device) is used 
as the image display device 3 in the arrangement of the left and right optical systems in Example 5 shown in Fig. 5, 
and illuminating light sources 6R and 6L for the right and left optical paths are placed at the back of the image display 
device 3 (on the side remote from the optical path distributing prism 10), and further a condensing Fresnel lens 7 is 

20 placed between the image display device 3 and the light sources 6R and 6L. 

[0075] In this example, illuminating light from the illuminating light source 6L for the left optical path is incident on 
the image display device 3 after being condensed by the Fresnel lens 7. Display light from the image display device 3 
reaches the observer's left eye EL through the optical path for the left eye in Fig. 5 and projects an enlarged image of 
the image display device 3. Illuminating light from the illuminating light source 6R for the right optical path is incident 

25 on the image display device 3 after being condensed by the Fresnel lens 7. Display light from the image display device 
3 reaches the observer's left eye ER through the optical path for the right eye in Fig. 5 and projects an enlarged image 
of the image display device 3. 

[0076] In this case, the left and right optical systems share the illuminating optical system 7 for the left and right eyes, 
which is used for a single image display device (LCD) 3 common to the left and right, and the optical path distributing 
30 prism 10. Thus, it is possible to reduce the number of optical members and also possible to obtain a compact, lightweight 
and bright display apparatus. It should be noted that, in this example, a half-mirror is not used in the illuminating optical 
system either, and it is therefore possible to display a very bright image. 

[0077] Example 14 shown in Fig. 14 is an example in which a reflection type LCD (liquid crystal display device) 3' is 
used as the image display device 3 in the arrangement of the left and right optical systems in Example 6 shown in Fig. 

35 6. In addition, illuminating light sources 6R and 6L for the right and left optical paths are placed so as to be capable of 
illuminating the reflection type LCD 3' across the optical path distributing prism 10, and the second surface 12 of the 
optical path distributing prism 10 is formed as a half-mirror surface or a mirror surface partly provided with holes for 
passing light, thereby illuminating the reflection type LCD 3' with illuminating light from the light sources 6R and 6L 
through the second surface 12 and the first surface 11 . 

40 [0078] In this example, illuminating light from the illuminating light source 6L for the left optical path passes through 
the half-mirror surface, which forms the second surface 1 2 of the optical path distributing prism 1 0, or through the holes 
of the mirror surface partly provided with holes for passing light, which forms the second surface 1 2 of the optical path 
distributing prism 10. Then, the illuminating light crosses the optical path distributing prism 10 and passes through the 
first surface 1 1 thereof so as to be incident on the display surface of the reflection type LCD 3'. Display light reflected 

45 from the display surface reaches the observer's left eye EL through the optical path for the left eye in Fig. 6 and projects 
an enlarged image of the image display device 3. Similarly, illuminating light from the illuminating light source 6R for 
the right optical path passes through the half-mirror surface, which forms the second surface 12 of the optical path 
distributing prism 1 0 or through the holes of the mirror surface partly provided with holes for passing light, which forms 
the second surface 12 of the optical path distributing prism 10. Then, the illuminating light crosses the optical path 

so distributing prism 1 0 and passes through the first surface 11 thereof so as to be incident on the display surface of the 
reflection type LCD 3'. Display light reflected from the display surface reaches the observer's right eye ER through the 
optical path for the right eye in Fig. 6 and projects an enlarged image of the image display device 3. 
[0079] In this case, the left and right optical systems share the illuminating optical system for the left and right eyes, 
which is used for a single reflection type LCD 3' common to the left and right, and the optical path distributing prism 

55 10. Thus, it is possible to reduce the number of optical members and also possible to obtain a compact, lightweight 
and bright display apparatus. It should be noted that, in this example, the optical path distributing prism (also used as 
an illuminating prism) 10 has six effective surfaces, and it is therefore possible to illuminate the reflection type LCD 3 l 
uniformly and to correct decentration aberrations even more favorably. 
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[0080] Example 15 shown in Fig. 15 is an example in which a reflection type LCD 3' is used as the image display 
device 3 in the arrangement of the left and right optical systems in Example 4 shown in Fig. 4. In addition, illuminating 
light sources 6R and 6L for the left and right optical paths are placed so as to be capable of illuminating the reflection 
type LCD 3' across the optical path distributing prism 10, and the second surfaces 12L and 12R of the optical path 
5 distributing prism 10 for the left and right optical paths are formed as half-mirror surfaces or mirror surfaces partly 
provided with holes for passing light, thereby illuminating the reflection type LCD 3' with illuminating light from the light 
sources 6R and 6L through the second surfaces 12L and 12R and the first surface 11. 

[0081] In this example, illuminating light from the illuminating light source 6L for the left optical path passes through 
the half -mirror surface, which forms the second surface 1 2R of the optical path distributing prism 1 0 for the optical path 

10 for the right eye, or through the holes of the mirror surface partly provided with holes for passing light, which forms the 
second surface 12R. Then, the illuminating light crosses the optical path distributing prism 10 and passes through the 
first surface 11 thereof so as to be incident on the display surface of the reflection type LCD 3'. Display light reflected 
from the display surface reaches the observer's left eye EL through the optical path for the left eye in Fig. 4 and projects 
an enlarged image of the image display device 3. Similarly, illuminating light from the illuminating light source 6R for 

15 the right optical path passes through the half -mirror surface, which forms the second surface 12L of the optical path 
distributing prism 1 0 for the optical path for the left eye, or through the holes of the mirror surface partly provided with 
holes for passing light, which forms the second surface 12L. Then, the illuminating light crosses the optical path dis- 
tributing prism 10 and passes through the first surface 11 thereof so as to be incident on the display surface of the 
reflection type LCD 3'. Display light reflected from the display surface reaches the observer's right eye ER through the 

20 optical path for the right eye in Fig. 4 and projects an enlarged image of the image display device 3. 

[0082] In this case, the left and right optical systems share the illuminating optical system for the left and right eyes, 
which is used for a single reflection type LCD 3' common to the left and right, and the optical path distributing prism 
10. Thus, it is possible to reduce the number of optical members and also possible to obtain a compact, lightweight 
and bright display apparatus. It should be noted that, in this example, the left and right optical systems share the 

25 entrance and exit surfaces of the illuminating optica! system while sharing the optical path distributing prism 10 and 
the illuminating optical system, thereby allowing the optical path distributing prism 10 to be reduced in both size and 
weight. 

[0083] It should be noted that a transmission or reflection type image display device 3 can be illuminated not only in 
the examples shown in Figs. 4 to 6 but also in the other examples described above by using illuminating light sources 

30 6R and 6L for the right and left optical paths, placing a condensing Fresnel lens 7, or forming a reflecting surface as 
a half-mirror surface or a mirror surface partly provided with holes for passing light, as shown in Figs. 13 to 15. 
[0084] Incidentally, it is desirable to use surfaces with a rotationally asymmetric curved surface configuration that 
corrects decentration aberrations as the reflecting surfaces 1R and 1L of the optical path distributing mirror 1, the 
surfaces 11,12, 12R, 12L, 13R, 13L, 14R and 14L of the optical path distributing prism 10, the surfaces 21 R to 25R 

35 of the decentered prism member 2R of the ocular optical system for the right eye, and the surfaces 21 L to 25L of the 
decentered prism member 2L of the ocular optical system for the right eye. 

[0085] Basically, the decentered prism member 2R for the right eye, the decentered prism member 2L for the left 
eye, the optical path distributing prism 10 and the optical path distributing mirror 1 in the present invention are decen- 
tered optical systems. It is desirable that these decentered optical systems be arranged so as to include at least one 

40 optical surface with a rotationally asymmetric curved surface configuration that corrects decentration aberrations. 

[0086] In a case where a decentered optical system is used, for example, as a viewing optical system of a head- 
mounted image display apparatus : it is necessary in order to eliminate a dead space and minimize the overall size of 
the apparatus to position an image display device and each optical surface constituting the decentered optical system 
so that the constituent elements are accommodated in the apparatus in as compact a form as possible. Consequently, 

45 the optical system must inevitably be decentered three-dimensionally, and this causes rotationally asymmetric aber- 
ration to occur. It is impossible to correct the rotationally asymmetric aberration by only a rotationally symmetric optical 
system. The best surface configuration for correcting the rotationally asymmetric aberration due to three-dimensional 
decentration is a rotationally asymmetric surface. Therefore, in the image display apparatus according to the present 
invention, it is desirable to use a rotationally asymmetric curved surface configuration that corrects decentration aber- 

50 rations as the configuration of at least one surface, preferably at least one reflecting surface, among the reflecting 
surfaces 1R and 1L of the optical path distributing mirror 1, the surfaces 11, 12, 12R, 12L, 13R, 13L, 14R and 14L of 
the optical path distributing prism 1 0 the surfaces 21 R to 25R of the decentered prism member 2R of the ocular optical 
system for the right eye and the surfaces 21 L to 25L of the decentered prism member 2L of the ocular optical system 
for the right eye. 

55 [0087] A free-form surface used in the present invention as a surface with a rotationally asymmetric curved surface 
configuration is defined by the following equation . The Z-axis of the defining equation is the axis of a free-form surface. 
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Z=cr 2 /[l+^T{l-(l+K)c 2 r 2 }]+2 qx-Y* ---(a) 

[0088] In the equation (a), the first term is a spherical surface term : and the second term is a free-form surface term. 
[0089] In the spherical surface term: 

c: the curvature at the vertex 
k: a conic constant 

15 r=V(X 2 + Y 2 ) 
[0090] The free-form surface term is given by 

20 66 

25 =C 2 X+C 3 Y 

+C 4 X 2 +C s XY+C e Y 2 
+C 7 X 3 +C 8 X 2 Y+C 9 XY a +C 10 Y 3 

+C 11 X 4 +C 12 X 3 Y+C 13 X 2 Y 2 +C 14 XY 3 +C 15 Y 4 



30 



35 



: 16 x 5 +c 17 x 4 y+c 18 x 3 y 2 +c 19 x 2 y 3 +c 20 j 



+C 21 Y 5 



+c 22 x 6 +c 23 x 5 y+c 24 x 4 y 2 +c 25 x 3 y 3 +c 26 x 2 y 4 

40 +C 27 XY 5 +C 28 Y € 

+C 29 X 7 +C 30 X 6 Y+C 31 X 5 Y 2 +C3 2 X 4 Y 3 +C33X 3 Y 4 
+C 3d X 2 Y 5 +C 35 XY 6 +C 3fi Y 7 



45 



where Cj (j is an integer of 2 or higher) are coefficients. 
[0091] In general, the above -described free-form surface does not have planes of symmetry in both the XZ- and YZ- 

50 planes. However, a free-form surface having only one plane of symmetry parallel to the YZ-plane is obtained by making 
all terms of odd-numbered degrees with respect to X zero. A free-form surface having only one plane of symmetry 
parallel to the XZ-plane is obtained by making all terms of odd-numbered degrees with respect to Y zero. 
[0092] In addition, free-form surfaces as the above-described surfaces with a rotation ally asymmetric curved surface 
configuration may be defined by Zernike polynomials. That is, the configuration of a free-form surface may be defined 

55 by the following equation (b). The Z-axis of the defining equation (b) is the axis of Zernike polynomial. A rotationally 
asymmetric surface is defined by polar coordinates of the height of the Z-axis with respect to the XY-plane. In the 
equation (b), A is the distance from the Z-axis in the XY-plane, and R is the azimuth angle about the Z-axis, which is 
expressed by the angle of rotation measured from the Z-axis. 
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20 



30 



40 



55 



x-Rx cos(A) 
y=R x sin(A) 



Z=D 2 



+D 3 Rcos(A)+D 4 Rsin(A) 
+D 5 R 2 cos(2A)+D 6 (R 2 -1)+D 7 R 2 sin(2A) 
+D 8 R 3 cos(3A)+D 9 (3R 3 -2R)cos (A) 
+D 10 (3R 3 -2R)sin(A)+D 11 R 3 sin(3A) 
+D 12 R 4 cos(4A)+D 13 (4R 4 -3R 2 )cos(2A) 
+D 14 (6R 4 -6R 2 +1)+D 15 (4R 4 -3R 2 )sin(2A) 

+D 16 R 4 sin(4A) 
+D 1 7 R 5 cos (5 A)+D 18 (5R 5 -4 R 3 )cos (3 A) 
+D 19 (10R 5 -12R 3 +3R)cos(A) 
+D 20 (10R 5 -12R 3 +3R)sin(A) 



+D 21 (5R 5 4R 3 ) sin(3A)+D 22 R 5 sin(5A) 
+D 23 R 6 cos(6A)+D 24 (6R 6 -5R 4 )cos(4A) 
+D 25 ( 15R 6 -20R 4 +6R 2 )cos (2A) 
35 +D 26 (20R 6 -30R 4 +1 2R 2 -1 ) 

+D 27 (15R 5 -20R 4 +6R 2 ) sin( 2A) 



+D 28 (6R 6 -5R 4 )sin(4A)+D 29 R 6 sin(6A) (b) 



where D m (m is an integer of 2 or higher) are coefficients. 
[0093] It should be noted that to design an optical system symmetric with respect to the X-axis direction, D 4 , D 5 , D 6 , 
D 10 ,D 11 D 12 , D 13 ,D 14 ,D 20 , D 21 , D 22 - should be used. 
45 [0094] The above defining equations are shown to exemplify surfaces with a rotationally asymmetric curved surface 
configuration. Therefore, the same advantageous effect can be obtained for any other defining equation that expresses 
such a rotationally asymmetric surface. 

[0095] When a light ray connecting the center of the display image of the image display device and the center of the 
pupil is defined as an optical axis, it is desirable that the free-form surfaces of the optical path distributing mirror 1 , the 
50 optical path distributing prism 10, the ocular prism member 2R for the right eye and the ocular prism member 2L for 
the right eye have only one plane of symmetry in a plane (YZ-plane) containing the optical axis in the folded optical 
path within each prism. 

[0096] It should be noted that other examples of defining equations for free-form surfaces include the following de- 
fining equation (c): 
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[0097] Assuming that k=7 (polynomial of degree 7), for example, a free-form surface is expressed by an expanded 
form of the above equation as follows: 

Z=C 2 
+C 3 Y+C 4 IX! 
+C 5 Y 2 +C 6 Y IXI +C 7 X 2 
+C 8 Y 3 +C 9 Y 2 Ixl +C 10 YX 2 +C 11 IX 3 I 
+C 12 Y 4 +C 13 Y 3 IXI +C 14 Y 2 X 2 +C 15 Y IX 3 ! +C 16 X 4 
+C 17 Y 5 +C 18 Y 4 IXI +C 19 Y 3 X 2 +C 20 Y 2 IX 3 ! 
+C 21 YX 4 +C 22 IX 5 1 
+C 23 Y 6 +C 24 Y 5 IXI +C 25 Y 4 X 2 +C 26 Y 3 IX 3 ! +C 27 Y 2 X 4 +C 28 YIX 5 I +C 29 X 6 
+C 30 Y 7 +C 31 Y 6 IXI+C 32 Y 5 X 2 +C 33 Y 4 IX 3 1 

+C 34 Y 3 X 4 +C 35 Y 2 IX 5 I+C 36 YX 6 +C 37 IX 7 I (c) 

25 [0098] It should be noted that the refracting surfaces of the ocular prisms 2L and 2R for the left and right eyes that 
are closest to the respective exit pupils (the surfaces 24L and 24R in Examples 1 to 6; the surfaces 25L and 25R in 
Examples 7 to 9; and the surfaces 23L and 23R in Examples 10 and 11) may be formed from rotationally symmetric 
aspherical surfaces. In this case, productivity improves. In addition, when the rotationally symmetric aspherical surface 
is used as a reference surface, positioning of other surfaces is facilitated. 

30 [0099] Further, other known types of decentered prism members may be used as the decentered prism members 
2L and 2R, which constitute the optical systems for the left and right eyes in the foregoing examples. 
[0100] Next, image display apparatuses according to Examples 16 to 30 will be described as specific numerical 
examples of the present invention. 

[0101] Fig. 16 is a diagram for describing the image display apparatus according to Example 16, in which: Fig. 16 

35 (a) is a horizontal sectional view (YZ-section) showing optical systems for two eyes; and Fig. 16(b) is a horizontal 
sectional view showing only the optical system forthe right eye. Regarding the following Examples 1 7 to 28, horizontal 
sectional views of optical systems for two eyes, which are similar to Fig. 16(a), are shown in Figs. 17 to 27. 
[0102] In any of the examples, the optical systems have configurations that are symmetric with respect to the plane 
of symmetry between the two eyes as in the case of the above-described Examples 1 to 1 5. Therefore, only constituent 

40 parameters in the backward ray tracing of the optical system for the right eye as shown in Fig. 16(b) will be shown 
later. Regarding the constituent parameters in the backward ray tracing in Examples 16 to 28 (described later), as 
shown in Fig. 16(b), an axial principal ray (optical axis ) O is defined by a light ray passing through the center of the 
exit pupil 4R of the optical system at right angles thereto and reaching the center of the image display device 3. In the 
backward ray tracing, the center of the pupil 4R is defined as the origin of decentered optical surfaces of a decentered 

45 optical system. A Z-axis is taken in the direction of the axial principal ray O, and the direction in which the Z-axis extends 
from the pupil 4R toward the final surface of the optical system (the first surface in the backward ray tracing: entrance 
surface; in Fig. 16(b), the fourth surface 24R) is defined as a positive direction of the Z-axis. A plane containing the Z- 
axis and the center of the image display device 3 is defined as a YZ-plane. An axis extending through the origin at 
right angles to the YZ-plane is defined as an X-axis, and the direction in which the X-axis extends from the obverse 

so side toward the reverse side of the plane of the figure is defined as a positive direction of the X-axis. An axis that 
constitutes a right-handed orthogonal coordinate system in combination with the X- and Z-axes is defined as a Y-axis. 
In Fig. 1 6(b), this coordinate system is shown. Illustration of the coordinate system is omitted in Figs. 1 7 to 27, which 
show Examples 17 to 28. 

[0103] In Examples 16 to 30, decentration of each surface is made in the YZ-plane, and the one and only plane of 
55 symmetry of each rotationally asymmetric free-form surface is the YZ-plane. 

[0104] Regarding decentered surfaces, each surface is given displacements in the X-, Y- and Z-axis directions (X, 
Y and Z, respectively) of the vertex position of the surface from the origin of the above-described coordinate system, 
and tilt angles (degrees) of the center axis of the surface [the Z-axis of the above equation (a) in regard to free-form 
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surfaces; the Z-axis of the following equation (d) in the case of aspherical surfaces] with respect to the X-, Y- and Z- 
axes (ct.p and y, respectively), in this case, the positive a and ((3 mean counterclockwise rotation relative to the positive 
directions of the corresponding axes, and the positive y means clockwise rotation relative to the positive direction of 
the Z-axis. 

5 [0105] Among optical functional surfaces constituting the optical system in each example, a specific surface and a 
surface subsequent thereto are given a surface separation when these Surfaces form a coaxial optical system. In 
addition, the refractive index and Abbe's number of each medium are given according to the conventional method. 
[0106] The configuration of each free-form surface used in the present invention is defined by the above equation 
(a). The Z-axis of the defining equation is the axis of the free-form surface. 

10 [0107] Aspherical surfaces are rotational ly symmetric aspherical surfaces given by the following equation: 

Z=(Y 2 /R)/[1 +{1 -(1 +K)Y 2 /R 2 } 1/2 ] 



15 



+AY 4 +BY 6 +C Y 8 +DY 1 °+ . (d) 



[0108] In the above equation, Z is an optical axis (axial principal ray) for which the direction of travel of light is defined 
as a positive direction and Y is taken in a direction perpendicular to the optical axis. R is a paraxial curvature radius, 
K is a conic constant, and A, B, C, D are 4th-, 6th-, 8th- and 10th-order aspherical coefficients, respectively. The Z- 
20 axis of this defining equation is the axis of the rotationally symmetric aspherical surface. 

[0109] It should be noted that those terms concerning free-form surfaces and aspherical surfaces for which no data 
is shown are zero. The refractive index is expressed by the refractive index for the spectral d-line (wavelength: 587.56 
nanometers). Lengths are given in millimeters. 

[0110] In addition, other examples of defining equations for free-form surfaces include Zernike polynomials given by 
25 the above equation (b). 

[01 11 ] Although in the examples of the present invention the surface configuration is expressed by af ree-form surface 
using the above equation (a), it should be noted that the same advantageous effect can be obtained by using the above 
equation (b) or (c), as a matter of course. 

[0112] Referring back to Fig. 16(a), a major difference between Example 16 and Example 4 is in the optical path 

30 distributing prism 1 0. The optical path distributing prism 1 0 at the middle between the two eyes has a symmetric con- 
figuration with respect to the plane of symmetry between the two eyes. The optical path distributing prism 1 0 has five 
surfaces: a first surface 11 as a transmitting surface located on the side of the image display device 3 remote from the 
observer; a third surface 14R as a transmitting surface for the right optical path and a third surface 1 4L as a transmitting 
surface for the left optical path, which are located at both sides of the first surface 11 on the side remote from the 

35 observer; and a second surface 12R as a reflecting surface for the right optical path and a second surface 12L as a 
reflecting surface for the left optical path, which are located on the sides of the fourth surfaces 14R and 14L remote 
from the observer. The fourth surface 14R as a transmitting surface for the right optical path and the fourth surface 
14L as a transmitting surface for the left optical path are identical with the third surface 13L as a reflecting surface for 
the left optical path and the third surface 1 3R as a reflecting surface for the right optical path, respectively. The identical 

40 surfaces each serve as both a transmitting surface and a totally reflecting surface. The first surface 11 has a symmetric 
configuration with respect to the plane of symmetry between the two eyes. The fourth surfaces 1 4R and 14L and the 
second surfaces 12R and 12L have configurations that are symmetric with respect to the plane of symmetry between 
the two eyes. The image display device 3 is placed to face the first surface 11 of the optical path distributing prism 1 0 
on the observer side of the optical path distributing prism 10. 

45 [01 13] In the above-described arrangement, the left and right optical paths are symmetric with respect to the plane 
of symmetry between the two eyes. Therefore, the optical path for the right eye will be described representatively. 
Display light from a single image display device 3 common to the two eyes is, first, incident on the first surface 11 of 
the optical path distributing prism 10. The incident light is incident on the second surface 12R as a reflecting surface 
for the right optical path and reflected by the second surface 12R. Then, the reflected light is incident on the third 

50 surface 1 3R as a reflecting surface for the right optical path , which serves also as the transmitting surface 1 4L for the 
left optical path, and reflected by the third surface 1 3R. The reflected light passes through the transmitting surface 1 4R 
for the right optical path and enters the decentered prism member 2R . The incident light passes through the first surface 
21 R to enter the prism. The light is incident on the second surface 22R at an incident angle not less than the critical 
angle and thus totally reflected by the second surface 22R. The reflected light is incident on the third surface 23R and 

55 back-reflected thereby so as to be incident on the fourth surface 24R at an incident angle less than the critical angle. 
The incident light is refracted by the fourth surface 24R to exit from the decentered prism member 2R. Then, the light 
is led to the exit pupil 4R for the right eye to project an enlarged image of the image display device 3 into the observer's 
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right eye. In this case, an Intermediate image is formed once in the optical path from the image display device 3 to the 
exit pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the right eye with respect 
to the plane of symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. 
[0114] Example 17 shown in Fig. 17 is similar to Example 1 in Fig. 1 but different from Example 1 in the arrangement 

5 of the optical path distributing mirror 1 at the middle between the two eyes. In the case of this example, a reflecting 
surface 1 R for the right optical path and a reflecting surface 1 L for the left'optical path, which have symmetric config- 
urations with respect to the plane of symmetry between the two eyes, are formed from back-coated mirrors produced 
by coating the back surfaces of lenses 8R and 8L. The rest of Example 1 7 is the same as that in Example 1 . 
[0115] In the above-described arrangement, the left and right optical paths are symmetric with respect to the plane 

10 of symmetry between the two eyes. Therefore, the optical path for the right eye will be described representatively. 
Display light from a single image display device 3 common to the two eyes, first, enters the lens 8R for the right optical 
path, which constitutes the optical path distributing mirror 1 , through the entrance surface 11 L. The light is reflected 
by the reflecting surface 1 R to exit from the entrance surface 11 L and enters the decentered prism member 2R. The 
incident light passes through the first surface 21 R to enter the prism The light is incident on the second surface 22R 

15 at an incident angle not less than the critical angle and thus totally reflected by the second surface 22R. The reflected 
light is incident on the third surface 23R and back-reflected thereby so as to be incident on the fourth surface 24R at 
an incident angle less than the critical angle. The incident light is refracted by the fourth surface 24R to exit from the 
decentered prism member 2R. Then, the light is led to the exit pupil 4R for the right eye to project an enlarged image 
of the image display device 3 into the observer's right eye. It should be noted that no intermediate image is formed in 

20 the optical path from the image display device 3 to the exit pupil 4R. The optical path for the left eye is in symmetric 
relation to the optical path for the right eye with respect to the plane of symmetry between the two eyes as in the case 
of the arrangement of the optical system for the right eye. 
[0116] Example 18 shown in Fig. 18 is similar to Example 4 in Fig. 4. 
[0117] Example 19 shown in Fig. 19 is similar to Example 5 in Fig. 5. 

25 [0118] Example 20 shown in Fig. 20 is similar to Example 6 in Fig. 6. 

[0119] Fig. 21 shows Example 21. A major difference between Example 21 and Example 6 is in the optical path 
distributing prism 10. The optical path distributing prism 10 at the middle between the two eyes has a symmetric con- 
figuration with respect to the plane of symmetry between the two eyes. The optical path distributing prism 1 0 has seven 
surfaces: a first surface 11 as a transmitting surface located on the observer side of the image display device 3; a 

so second surface 12R as a reflecting surface for the right optical path and a second surface 12L as a reflecting surface 
for the left optical path, which are reflecting surfaces facing the first surface 11 and also facing the observer; a third 
surface 13R as a reflecting surface for the right optical path and a third surface 13L as a reflecting surface for the left 
optical path, which are disposed at both sides of the first surface 11 on the observer side thereof ; and a fourth surface 
14L as a transmitting surface for the left optical path and a fourth surface 14R as a transmitting surface for the right 

35 optical path, which are disposed on both sides between the third surfaces 13R and 1 3L and the second surfaces 12R 
and 12L, respectively. The first surface 11 has a symmetric configuration with respect to the plane of symmetry between 
the two eyes. The second surfaces 12R and 12L, the third surfaces 13R and 13Land the fourth surfaces 14R and 14L 
have configurations that are symmetric with respect to the plane of symmetry between the two eyes. The image display 
device 3 is placed to face the first surface 11 of the optical path distributing prism 10 on the side of the optical path 

40 distributing prism 10 remote from the observer. 

[0120] In the above-described arrangement, the left and right optical paths are symmetric with respect to the plane 
of symmetry between the two eyes. Therefore, the optical path for the right eye will be described representatively. 
Display light from a single image display device 3 common to the two eyes is, first, incident on the first surface 11 of 
the optical path distributing prism 10. The incident light is incident on the second surface 12R as a reflecting surface 

45 for the right optical path and reflected by the second surface 12R. Then, the reflected light is incident on the third 
surface 13R and reflected thereby. The reflected light passes through the transmitting surface 14R for the right optical 
path and enters the decentered prism member 2R. The incident light passes through the first surface 21 R to enter the 
prism. The light is incident on the second surface 22R at an incident angle not less than the critical angle and thus 
totally reflected by the second surface 22R. The reflected light is incident on the third surface 23R and back-reflected 

50 thereby so as to be incident on the fourth surface 24R at an incident angle less than the critical angle. The incident 
light is refracted by the fourth surface 24R to exit from the decentered prism member 2R. Then : the light is led to the 
exit pupil 4R for the right eye to project an enlarged image of the image display device 3 into the observer's right eye. 
In this case, an intermediate image is formed once in the optical path from the image display device 3 to the exit pupil 
4R. The optical path for the left eye is in symmetric relation to the optical path for the right eye with respect to the plane 

55 of symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. 

[0121] Example 22 shown in Fig. 22 is similar to Example 21 in Fig. 21 but different from Example 21 in that ocular 
lenses 9R and 9L are placed between the exit surfaces 24R and 24L of the decentered prism members 2R and 2Lfor 
the right and left eyes, which constitute ocular optical systems, and the exit pupils 4R and 4L for the right and left eyes, 
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respectively. 

[0122] Example 23 shown in Fig. 23 is similar to Example 2 in Fig. 2. 

[0123] Example 24 shown in Fig. 24 is similar to Example 2 in Fig. 2 but different therefrom in that the negative lens 
5 is formed from a cemented lens. 

s [0124] Fig. 25 shows Example 25. A major difference between Example 25 and Example 1 is as follows. The optical 
path distributing mirror 1 at the middle between the two eyes has four reflecting surfaces, i.e. a reflecting surface 1 R 
for the right optical path and a reflecting surface 1L for the left optical path, which have symmetric configurations with 
respect to the plane of symmetry between the two eyes, and a second reflecting surface 1 FT for the right optical path 
and a second reflecting surface il_' for the left optical path, which face the reflecting surfaces 1 R and 1 L, respectively. 

10 The second reflecting surfaces 1 R' and 1 L' have configurations that are symmetric with respect to the plane of symmetry 
between the two eyes. Moreover, the image display device 3 is placed on the side of the optical path distributing mirror 
1 remote from the observer. 

[0125] In the above-described arrangement, the left and right optical paths are symmetric with respect to the plane 
of symmetry between the two eyes. Therefore, the optical path for the right eye will be described representatively. 

15 Display light from a single image display device 3 common to the two eyes is, first, incident on the reflecting surface 
1 R for the right optical path, which constitutes the optical path distributing mirror 1 , and reflected by the reflecting 
surface 1 R.Then, the light is incident on the second reflecting surface 1 R 1 for the right optical path and reflected thereby 
so as to enter the decentered prism member 2R. The incident light passes through the first surface 21 R to enter the 
prism. The light is incident on the second surface 22R at an incident angle not less than the critical angle and thus 

20 totally reflected by the second surface 22R. The reflected light is incident on the third surface 23R and back-reflected 
thereby so as to be incident on the fourth surface 24R at an incident angle less than the critical angle. The incident 
light is refracted by the fourth surface 24R to exit from the decentered prism member 2R. Then : the light is led to the 
exit pupil 4R for the right eye to project an enlarged image of the image display device 3 into the observer's right eye. 
In this case, an intermediate image is formed once in the optical path from the image display device 3 to the exit pupil 

25 4R.The optical path for the left eye is in symmetric relation to the optical path for the right eye with respect to the plane 
of symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. 
[0126] Example 26 shown in Fig. 26 is similar to Example 11 in Fig. 11. 

[0127] Example 27 shown in Fig. 27 is similar to Example 7 in Fig. 7. However, the second surfaces 22L and 22R 
and the fourth surfaces 24L and 24R of the decentered prism members 2L and 2R constituting the ocular optical 
30 systems for the right and left eyes are formed from the identical reflecting surfaces, respectively. 
[0128] Example 28 shown in Fig. 28 is similar to Example 12 in Fig. 12. 

[0129] Fig. 29 is a ray path diagram showing image display apparatus according to Examples 29 and 30 of the 
present invention. In Fig. 29, an image display device constituting the image display device is denoted by reference 
numeral 3. An exit pupil for the right eye is denoted by 4R, and an exit pupil for the left eye is denoted by 4L. A 

35 decentered prism member placed in front of the right eye as an optical system for the right eye is denoted by 2R, and 
a decentered prism member placed in front of the left eye as an optical system for the left eye is denoted by 2L. In 
addition, an optical path distributing prism formed from a decentered prism member, which is placed at the middle 
between the two eyes, is denoted by 10. The decentered prism members 2R, 2L and 10 are made of a transparent 
medium having a refractive index larger than 1. In the following description, surfaces stated to be reflecting surfaces 

40 are mirror surfaces formed by providing mirror coatings on the relevant surfaces of the decentered prism members 
except totally reflecting surfaces. 

[0130] Examples 29 and 30 are arranged as shown in Fig. 29, which shows a horizontal section (YZ-section) thereof. 
First, the arrangement will be described in regard to the optical path for the right eye. The triangular prism-shaped 
optical path distributing prism 10 at the middle between the two eyes has a symmetric configuration with respect to a 

45 plane 20 of symmetry between the two eyes (i.e. a plane passing through the center of a line segment connecting the 
respective centers of the exit pupil 4R for the right eye and the exit pupil 4L for the left eye at right angles to the line 
segment). The optical path distributing prism 1 0 has three surfaces: a first surface 1 1 as a transmitting surface located 
on the observer side of the image display device 3; a second surface 12R as a reflecting surface for the right optical 
path and a second surface 12L as a reflecting surface for the left optical path, which are located at both sides of the 

50 first surface 11 on the observer side thereof to function as totally reflecting surfaces; a transmitting surface 13Lforthe 
left optical path that is the identical with the second , surface 12R as a reflecting surface for the right optical path; and 
a transmitting surface 13R for the right optical path that is the identical with the second surface 12L as a reflecting 
surface for the left optical path. The first surface 11 has a symmetric configuration with respect to the plane 20 of 
symmetry between the two eyes. The second surfaces 1 2R (1 3L) and 1 2L (1 3R) have configurations that are symmetric 

55 with respect to the plane 20 of symmetry between the two eyes. The image display device 3 is placed to face the first 
surface 1 1 of the optical path distributing prism 1 0 on the side of the optical path distributing prism 1 0 remote from the 
observer. 

[0131] The decentered prism member 2R, which constitutes an optical system for the right eye, and the decentered 
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prism member 2L, which constitutes an optical system for the left eye, have the same configuration and are placed in 
symmetry with respect to the plane 20 of symmetry between the two eyes. The decentered prism member 2R and the 
decentered prism member 2L each have, in order in which rays pass, a first surface 21 R (21 L), a second surface 22 R 
(22L), a third surface 23R (23L), and a fourth surface 24R (24L). The second surface 22R (22L) and the fourth surface 
5 24R (24L) are the identical surface. The identical surface serves as both a totally reflecting surface and a transmitting 
surface. 

[0132] In the above-described arrangement, the left and right optical paths are symmetric with respect to the plane 
20 of symmetry between the two eyes. Therefore, the optical path for the right eye will be described representatively. 
Display light from a single image display device 3 common to the two eyes is, first, incident on the first surface 11 of 

10 the optical path distributing prism 10. The light is incident on the second surface 12R as a reflecting surface for the 
right optical path and totally reflected by the second surface 12R. The reflected light passes through the transmitting 
surface 13R (12L) for the right optical path and enters the decentered prism member 2R. The incident light passes 
through the first surface 21 R to enter the prism and is incident on the second surface 22R at an incident angle not less 
than the critical angle, thereby being totally reflected by the second surface 22R. The reflected light is incident on the 

15 third surface 23R and back-reflected thereby so as to be incident on the fourth surface 24R at an incident angle less 
than the critical angle. The incident light is refracted by the fourth surface 24R to exit from the decentered prism member 
2R. Then, the light is led to the exit pupil 4R for the right eye to project an enlarged image of the image display device 
3 into the observer's right eye. In this case, an intermediate image is formed once in the optical path from the image 
display device 3 to the exit pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the 

20 right eye with respect to the plane 20 of symmetry between the two eyes as in the case of the arrangement of the 
optical system for the right eye. 

[0133] With the above-described arrangement, in both the left and right optical paths, display light from the image 
display device 3 is led to the eyeball after undergoing three reflections. Therefore, images led to the left and right eyes 
are not in mirror-image relation to each other. Accordingly, it is possible to see images of the same orientation with the 
25 left and right eyes. Moreover, because the image of the image display device 3 is projected via reflecting and transmitting 
surfaces which are decentered or tilted with respect to the optical axis and at least one of which has a positive power, 
it is possible to project an image favorably corrected for various aberrations, e.g. curvature of field and chromatic 
aberration. 

[0134] Further, in both the left and right optical paths, the greater part of the optical path passes through the decen- 
30 tered prism members 1 0 and 2R (2L), which are filled with a transparent medium having a refractive index larger than 
1 , and the optical path is folded therein. Therefore, the whole ocular optical system can be made compact. 
[0135] Furthermore, the decentered prism members 2R and 2L are placed at positions that are in plane symmetry 
with each other and have the same configuration. It is only necessary to prepare two decentered prism members 2R 
and 2L having the same configuration and to place them at respective positions that are in plane symmetry with respect 
35 to the decentered prism member 10 at the middle between the two eyes. 

[0136] It is premised that an image display device 3 having wide viewing angle characteristics is used in the above- 
described optical system. Therefore, it is desirable to use a spontaneous light-emission type organic EL (see Fig. 40) 
for the image display device 3. When a transmission type LCD (liquid crystal display device) is used, it is desirable to 
insert a DOE (diffractive optical element) between the LCD and the backlight to thereby illuminate the LCD with ±1st- 
40 order light, or to use an LCD with viewing angle characteristics widened by using such scattering film that the viewing 
angle is increased (the same is the case with Examples 1 to 30). 

[0137] Incidentally, it is desirable that the angle a of reflection of display light at the second surfaces 12R and 12L 
of the optical path distributing prism 1 0 for distributing the display image of the image display device 3 to the optical 
path for the right eye and the optical path for the left eye, as shown in Fig. 30 (only the optical path for the right eye is 
45 shown in Fig. 30, for the sake of simplicity, because the optical path for the right eye and the optical path for the left 
eye are in plane-symmetric relation to each other in the image display apparatus according to the present invention), 
satisfy the following condition: 

5Q 33°^a^70° (1) 

[0138] If a is smaller than the lower limit of this condition, i.e. 33°, rays are not reflected by the second surfaces 12R 
and12Lbut pass therethrough, thus failing, to form an image. If a exceeds the upper limit, i.e. 70°, it is difficult for rays 
to travel along the above-described optical paths in the arrangement of this optical system. Consequently, the rays fail 
55 to form an image. 

[0139] If is more desirable to satisfy the following condition: 
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40°<a^60° (1-1) 
[01 40] The meaning of the upper and lower limits of this condition is the same as that of the above-described condition 

5 (1). 

[0141] Next, it is desirable that the angle p formed between a plane 20 passing through the center of a line segment 
connecting the center of the exit pupil 4R for the right eye and the center of the exit pupil 4L for the left eye at right 
angles to the line segment (the plane of symmetry between the two eyes) and a tangent plane 1 5 to the second surface 
12R of the optical path distributing prism 10 at a point where the optical axis of the optical path for the right eye is 
10 incident on the second surface 12R and the angle p formed between the plane 20 and a tangent plane to the second 
surface 12L of the optical path distributing prism 10 at a point where the optical axis of the optical path for the left eye 
is incident on the second surface 12L satisfy the following condition: 



15 



25 



50 



13°^p^24° (2) 



[0142] If p is smaller than the lower limit of this condition, i.e. 13°, some of the reflected rays do not pass through 
the third surface 13R but are undesirably reflected thereby, or rays are not reflected by the second surface 22R of the 
decentered prism member 2R but pass therethrough, undesirably. Consequently, it is difficult for rays to travel along 
20 the above-described optical paths, and the rays fail to form an image. If P exceeds the upper limit, i.e. 24°, some rays 
are not reflected by the second surface 12R but pass therethrough, undesirably. Consequently, it is difficult for rays to 
travel along the above-described optical paths, and the rays fail to form an image. 
[0143] If is more desirable to satisfy the following condition: 



15°^p^22° (2-1) 



[01 44] The meaning of the upper and lower limits of this condition is the same as that of the above-described condition 
(2). 

30 [0145] If is even more desirable to satisfy the following condition: 

17°^p^20° (2-2) 

35 [01 46] The meaning of the upper and lower limits of this condition is the same as that of the above-described condition 
(2). 

[0147] Next, let us assume that, in backward ray tracing from the pupil side, the distance between the intersection 
of the ray passing through the center of the exit pupil 4R for the right eye at the maximum field angle on the right-hand 
side and the fourth surface 24R of the decentered prism member 2R for the right eye and the intersection of the ray 

40 passing through the center of the exit pupil 4L for the left eye at the maximum field angle on the left-hand side and the 
fourth surface 24L of the decentered prism member 2L for the left eye is a width L, as shown in Fig. 31 , and the distance 
between the point closest to the left and right exit pupils among points at which bundles of rays passing through the 
centers of the left and right exit pupils within the overall field angle pass through or are reflected by the fourth surface 
24R of the decentered prism member 2R for the right eye ER or the fourth surface 24L of the decentered prism member 

45 2L for the left eye EL and the display surface of the image display device 3 in a direction perpendicular to the display 
surface is a depth D. In this case, it is desirable that the ratio of the depth Dto the width L, i.e. D/L, satisfy the following 
condition: 



0.3^D/L^0.5 (3) 



[0148] If D/L is smaller than the lower limit, i.e. 0.3, a wide field angle cannot be obtained. Consequently, the image 
field becomes unfavorably small in size. If D/L exceeds the upper limit, i.e. 0.5, the depth assumes a large value, and 
the optical system becomes unfavorably large in size. 
55 [0149] It is more desirable to satisfy the following condition: 

0.35^D/L^0.45 (3-1) 
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[01 50] The meaning of the upper and lower limits of this condition is the same as that of the above-described condition 
(3). 

[0151] Regarding Examples 29 and 30, horizontal sectional views illustrating only optical systems for the right eye 
in these examples are shown in Figs. 32 and 33 because the optical system and optical path for the right eye and the 
5 optical system and optical path for the left eye are in plane-symmetric relation to each other as stated above. Regarding 
the optical system for the left eye, it is only necessary to place the surfaces of the optical system for the left eye in 
symmetric relation to the optical system for the right eye with respect to the plane 20 of symmetry between the two 
eyes (Fig. 29). 

[0152] Constituent parameters in the backward ray tracing of the optical systems for the right eye in the above- 
10 described Examples 16 to 30 will be shown below. The observation field angles in these examples when arranged in 
the form of a viewing optical system are as follows: in Examples 16 to 21 and 23 to 28, the horizontal half field angle 
is 1 0° , and the vertical half field angle is 7.5° ; in Example 22, the horizontal half field angle is 1 2° , and the vertical half 
field angle is 9.1°; in Example 29, the horizontal half field angle is 7°, and the vertical half field angle is 5.26°; and in 
Example 30, the horizontal half field angle is 7.5°, and the vertical half field angle is 5.64°. In Examples 16 to 28, the 
15 size of the image display device is 8.9X6.7 mm. In Example 29, the image display device size is 8.94x671 mm. In 
Example 30, the image display device size is 8.94x671 mm. In all Examples 1 6 to 30, the pupil diameter is 4 mm. It 
should be noted that when arranged in the form of a viewing optical system, Example 29 is equivalent to an optical 
system with a focal length of 36 mm, and Example 30 is equivalent to an optical system with a focal length of 34 mm. 
[0153] ltshould be noted that in thetables below, "FFS" denotes a free-form surface, and "ASS" denotes an aspherical 
20 surface, and further "RE" denotes a reflecting surface. 
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Example 16 


Surface No. 


Radius of 


Surface separation 


Displacement and 


Refractive index 


Abbe's No. 




curvature 




tilt 






Object plane 


oo 


-1000.00 








1 


oo(StOp) 










2 


ASS© 




(D 


1 .5254 


56.2 


3 


FFS© (RE) 




(2) 


1 .5254 


56.2 


4 


ASS© (RE) 




(1) 


1 .5254 


56.2 


5 


FFS© 




(3) 






6 


FFS© 




(4) 


1 .5254 


56.2 


7 


FFS® (RE) 




(5) 


1 .5254 


56.2 


8 


FFS© (RE) 




(6) 


1 .5254 


56.2 


ASSC1) 












R -61.00 












K 0.0000 












A -2.8485X1 0" 6 










B 8.9070x1 0" 9 










FFS® 












C 4 -1.2212X10-2 C 6 -1 .2499X10-2 C 8 -7.2115xt0"6 








C 10 3.6893X1 0- 5 -2.8593X10" 6 C 13 -3.0073 X 10" 6 








C 15 -3 .4462X10" 6 C 17 -1 .6344x1 0" 9 C 19 -4.1364X10" 8 








C 21 -2.0345X1 0" 8 










FFS© 












C 4 1.0330X10" 2 C 6 -2.2053X10-2 C 


Q -8.5243X10- 5 








C 10 -1 .3497X 1 0" 3 C 1 1 1 . 1 1 48X 1 0" 4 C 13 -2.6040X1 0" 4 








C 15 3.9230x1 0" 4 










FF9® 












C 4 -8.5360 X 10" 3 C 6 -8. 8071 X 10" 3 C 8 7.1801 X 10" 5 








C 10 7.6086X1 0" 5 6.3213X10-7 C 13 8.2333x1 0" 6 








C 15 1.9455 X10" 6 
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(continued) 



Example 16 



Surface No. 



Radius of 
curvature 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



Image plane 



(7) 
(B) 



FFS® 

C 4 8. 5360 X 1 0" 3 C 6 8.8071 X 1 0" 3 C 8 -7.1 801 X 1 0" 5 
C 10 -7.6086X1 0" 5 C in -6.321 3x10" 7 C 13 -8.2333x1 0"6 
C 15 -1.9455X10- 6 
FFS® 

C 4 1 .2329X10- 2 C 6 6.71 24x1 0- 3 C 8 -3.9501 X10' 5 
C 10 -1 .3809X 1 0" 4 -1 .6628x1 0' 6 C 13 3.6302X 1 0" 6 
C 15 -3.8832x1 0" 6 

Displacement and tilt(1) 
X 0.00 Y 9.84 Z 32.73 
a -0.83 p 0.00 y 0.00 

Displacement and ti!t(2) 

X 0.00 Y -0.48 Z 39.28 
a -30.61 3 0.00 y 0.00 

Displacement and tilt(3) 
X 0.00 Y 16.17 Z 37.03 
a 35.52 p 0.00 7 0.00 

Displacement and tilt(4) 
X0.00 Y 19.39 Z 46.79 
a -91.71 p 0.00 y 0.00 

Displacement and tilt(5) 
X 0.00 Y 44.61 Z 46.79 
a -88.29 p 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 22.62 Z 55.56 
a 136.79 P 0.00 yO.OO 

Displacement and tilt(7) 
X 0.00 Y 32.00 Z 33.76 
a -1 80.00 p 0.00 y 0.00 

Displacement and tilt(8) 
X 0.00 Y 32.00 Z 29.64 
a -180.00 p 0.00 y 0.00 



Example 1 7 


Surface No. 


Radius of 


Surface separation 


Displacement and 


Refractive index 


Abbe's No. 




curvature 




tilt 






Object plane 


oo 


-1000.00 








1 


oo (StOp) 










2 


ASS® 




(1) 


1 .5254 


56.2 


3 


FFS® (RE) 




(2) 


1 .5254 


56.2 


4 


ASS® (RE) 




(1) 


1 .5254 


56.2 


5 


FFS® 




(3) 






6 


FFS© 




(4) 


1 .5254 


56.2 


7 


FFS® (RE) 




(5) 


1 .5254 


56.2 
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(continued) 



Example 17 



Surface No. 



Radius of 
curvature 



FF9(3) 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



8 

Image plane 



(4) 
(6) 



asscd 

R -95.45 
K 0.0000 
A -6.5740x10-* 
B 1.3849X10" 9 
FFS® 

C 4 -1.0306X10-2 C 6 -1 .0412X1 O- 2 C 8 2.0096X1 0" 5 
C 10 2.8787x10-5 0^ 
C 15 -2.6208 X 10- 6 C 17 
C 21 1 .4876X1 0" 8 
FFS® 

C 4 -7.5538 X10" 3 C 6 6696 X10" 4 C 8 1 .3858 X 10" 3 
C 10 2.0287X10" 3 8.0303X1 0" 5 C 13 -1 .5350x1 0" 4 
C 15 -6.5070X10" 5 
FFS® 

C 4 -7.6923X10" 2 C 6 -9.321 7X1 0" 3 C 8 3.8760x1 0" 3 
C 10 -9.4736X1 0" 4 C n -7.2844X1 0" 4 C 13 6.5675X1 0' 4 
C 15 -4.9359X10-5 
FFS® 

C 4 -1 . 1 587X 1 0-2 C 6 1 . 1 772 X 1 0"2 C 8 1 .0849 X 1 0" 3 

C 10 -1.8206 XIO^C^ -5.4651 X 1 0' 4 C 13 1 .71 95 X 10" 4 

C 15 -1.3202X10-5 

Displacement and tilt(1) 
X 0.00 Y 9.05 Z 39.11 
a 1 0.70 p 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y 0.24 Z 48.07 
a -21 .35 p 0.00 y 0.00 

Displacement and tilt(3) 
X 0.00 Y 19.03 Z 43.57 
a 92.98 p 0.00 y 0.00 

Displacement and tilt(4) 
X 0.00 Y 35.65 Z 58.02 
a -1 45.94 p 0.00 y 0.00 

Displacement and tilt(5) 
X0.00 Y 39.28 Z 61 .80 
a -1 47.29 p 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 38.00 
a 0.00 p 0.00 y 0.00 



-7.7967X 1 0" 7 C 13 -2.3996X 1 0" 6 
-6.0108X10" 8 C 19 1.1907 X 10' 8 



50 
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Example 1 8 
Surface No. 



Radius of 
curvature 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



Object plane 
1 
2 
3 
4 
5 



-1000.00 



oo (Stop) 
ASS® 
FFS© (RE) 
ASS0 (RE) 
FF9® 



(D 
(2) 
(D 
(3) 



1 .5254 
1 .5254 
1 .5254 



56.2 
56.2 
56.2 



ASS® 
R -99.17 
K 0.0000 
A -5. 1344x1 0' 6 
B 5.4560X10" 9 

FFSQ) 

C 4 -1 .3402X 1 0- 2 C 6 -1 . 1 01 8X 1 O- 2 C 8 2.9828X 1 0" 6 
C 10 -4.6829X10' 6 C ni -2.4079X10" 6 C 13 -3.1115X10" 6 
C 15 -2.2505X1 0- 6 C 17 1.0452X1 0" 7 C 19 1 .1084x1 0' 7 
C 21 2.6833x1 0" 8 
FFS® 

C 4 -1 .9489X 1 0-2 C 6 -3.8808X 1 0" 3 C 8 4.8522X 1 0' 3 
C 10 4.8858X 1 0" 3 1 .8575X 1 0" 4 C 13 -7.7300x1 0" 4 
C 15 -6.0291 X10" 4 
FFS® 

C 4 -8.6443X10- 2 C 6 -3. 9460X1 0"2 C 8 8.0248x1 0" 3 
C 10 9.1640 X 10" 3 -6.231 8X10- 5 C 13 1.4493 X 10" 3 
C 15 1.6706 X10" 3 
FFS® 

C 4 1 .9984x10-2 C 6 1 .7719X10-2 C 8 2.2720x1 0' 4 
C 10 2.2345X1 0" 4 6.1407X10" 6 C 13 2,341 2x1 0" 5 
C 15 -1.4916X10" 6 
FFS® 

C 4 -1.0029X10-2 C 6 4.6836 X 10" 3 

Displacement and tilt(1 ) 
X 0.00 Y 12.74 Z 36.00 
a 2.52 p 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y -0.37 Z 45.03 
a -28.87(3 0.00 y 0.00 

Displacement and tilt(3) 
X 0.00 Y 20.71 Z 40.51 
a 74.60 p 0.00 y 0.00 

Displacement and tilt(4) 
X 0.00 Y 22.61 Z41.95 
a -113.38 p 0.00 yO.OO 

Displacement and tilt(5) 
X 0.00 Y 38.54 Z 52.07 
a -144.30 p 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 36.77 
a 0.00 p 0.00 7 0.00 

Displacement and tilt(7) 
X 0.00 Y 32.00 Z 30.00 
a 0.00 p 0.00 yO. 00 
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(continued) 



Example 18 


Surface No. 


Radius of 


Surface separation 


Displacement and 


Refractive index 


Abbe's No. 




curvature 




tilt m 






6 


FFS® 




(4) 


1 .5254 


56.2 


7 


FF9® (RE) 




(5) 


1 .5254 


56.2 


8 


FFS© 




(6) 






Image plane 


oo 




(7) 







10 



Example 1 9 



Surface No. 



Radius of 
curvature 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



Object plane 
1 
2 
3 
4 
5 
6 
7 



-1000.00 



oo (StOp) 

ASS® 
FFS© (RE) 
ASS© (RE) 
FFS® 
FFS® 
FFS® (RE) 

ASSCD 
R 371 .46 
K 0.0000 
A -8.4688x1 0" 7 
B2.9089X10" 10 
FFS® 

C 4 -6.3820X10" 3 C 6 -8.9287X10- 3 C 8 -7.51 89x1 0 5 
C 10 -2.7485X10" 6 -5.1745X10" 6 C 13 -6.0033X10" 7 
C 15 2.8823X10- 6 C 17 3.2184X10" 7 C 19 8.6382 X 10" 8 
C 21 -1.5498X10" 8 
FFS® 

C 4 -4.0226X10" 2 C 6 -3.3297X10-2 C 8 2.4201 X10" 3 
C 10 6.0781 X10- 3 7.4789X1 0" 4 C 13 -3.2635X1 0" 4 
C 15 2.1572X10" 4 
FFS® 

C 4 -2.0127X10- 2 C 6 -1 .4009X1 0-2 C 8 -1 .3093X1 0" 3 
C 10 -1 .0645x1 0" 4 -2.3099X1 0" 4 C 13 -2.881 8X10" 5 
C 15 -1.4532X1 0" 6 
FFS® 

C 4 2.01 27X1 0- 2 C 6 1 .4009X1 0"2 C 8 1 .3093X1 0" 3 
C 10 1 .0645X 1 0" 4 2.3099X 1 0" 4 C 13 2.881 8X1 0" 5 
C 15 1.4532X1 0" 6 
FFS® 

C 4 2.3952X10" 1 C 6 6.3371 X10" 4 

Displacement and tilt(1 ) 
X 0.00 Y 20.12 Z 35.02 
a 6.83 p 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y 0.52 Z 47.68 
a -27.07 p 0.00 y 0.00 



(1) 
(2) 
(1) 
(3) 
(4) 
(5) 



1 .5254 
1 .5254 
1 .5254 

1 .5254 
1 .5254 



56.2 
56.2 
56.2 

56.2 
56.2 
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(continued) 



Example 19 



Surface No. 



Radius of 
curvature 
FFS® 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



8 

Image plane 



(6) 
(7) 



Displacement and tilt(3) 
X 0.00 Y 27.52 Z 37.59 
a 76.08 p 0.00 y 0.00 

Displacement and tilt(4) 
X 0.00 Y 29.00 Z 40.96 
a -118.18 p 0.00 y 0.00 

Displacement and tilt(5) 
X 0.00 Y 35.00 Z 40.96 
a -61.82 p 0.00 yO.OO 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 50.73 
a -180.00 (3 0.00 y 0.00 

Displacement and tilt(7) 
X 0.00 Y 32.00 Z 58.00 
a -180.00 p 0.00 y 0.00 



Example 20 


Surface No. 


Radius of 
curvature 


Surface separation 


Displacement and 
tilt 


Refractive index 


Abbe's No. 


Object plane 


oo 


-1000.00 








1 


oo (StOp) 










2 


ASS® 




(1) 


1 .5254 


56.2 


3 


FFS0 (RE) 




(2) 


1 .5254 


56.2 


4 


ASS0 (RE) 




(1) 


1 .5254 


56.2 


5 


FFS© 




(3) 






6 


FFS® 




(4) 


1 .5254 


56.2 


7 


FFS® (RE) 




(5) 


1 .5254 


56.2 


8 


FFS® (RE) 




(6) 


1 .5254 


56.2 


ASSCB 












R -78.87 












K 0.0000 












A 6.3888X10" 


s 










B -6.7614X1 0- 9 










FFSQ) 












C 4 -1.3820X10" 2 C 6 -1 .2744X10" 2 C 8 -5.9146X10" 5 








C 10 -8.6079x1 0- 5 O,-, -1.5009X10" 6 


C 13 -3.9389X10- 6 








C 15 -3.9837X1 0" 6 C 17 9.5456X10- 8 C 19 2.5646x1 0" 7 








C 21 8.4257X1 0" 8 










FFS® 












C 4 -4.81 1 2x 1 0- 2 C 6 2.2437 X 1 0" 2 C 


8 1.2629x10-2 








C 10 -1.41 47X10- 3 1.1201X10" 3 


C 13 -4.2802X10- 3 








C 15 -1.8265X10" 5 
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(continued) 



Example 20 



Surface No. 



Radius of 
curvature 



FFS® 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



9 

Image plane 



(7) 
(8) 



FFS® 

C 4 -2.4894X1 0"2 C 6 1 .771 9X 1 0" 3 C 8 1 .3030x1 0"2 
C 10 8.7223X10" 3 -2.5693X1 0" 3 C 13 2.0937x1 0~ 3 



C 15 -1.7955X10" 4 



FFS® 

C 4 1 .451 OX 1 0- 2 C 6 1 .4974X 1 0" 2 C a 6.3447X 1 0" 5 
C 10 -3.3021X10- 5 C„ 6.7340X10-6 C 13 1 .3268x1 0"* 
C 15 5.6476X10" 6 
FFS® 

C 4 -5.01 77X 1 0" 3 C 6 4.2398X 1 0' 3 1 .3297X 1 0' 5 
C 13 1 .71 82X1 0" 5 C 15 7.81 22X 1 0" 6 
FFS© 

C 4 6.61 44X 1 0-2 C 6 3.1 372X 1 0" 2 5.4070X 1 O" 4 
C 13 -2.1 336 X 1 0" 4 C 15 -4.3706 X 1 0' 4 

Displacement and tilt(1) 
XO.OOY 13.06 Z 30.44 
a 4.48 p 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y -0.13 Z 38.51 
a -29.74 p 0.00 y 0.00 

Displacement and tilt(3) 
XO.OOY 17.85 Z 32.43 
a 74.33 P 0.00 y 0.00 

Displacement and tilt(4) 
X 0.00 Y 19.17 Z 33.07 
a -1 02.30 p 0.00 y 0.00 

Displacement and tilt(5) 
X 0.00 Y 44.66 Z 43.01 
a -1 33.87 p 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 30.30 
a -1 80.00 p 0.00 y 0.00 

Displacement and tilt(7) 
X 0.00 Y 32.00 Z 48.57 
a 0.00 p 0.00 y 0.00 

Displacement and tilt(8) 
X 0.00 Y 32.00 Z 53.57 
a 0.00 p 0.00 y 0.00 



Example 21 


Surface No. 


Radius of 


Surface separation 


Displacement and 


Refractive index 


Abbe's No. 




curvature 




tilt 






Object plane 


CO 


-1000.00 








1 


oo (StOp) 




(D 




% 


2 


ASS® 




(2) 


1 .5254 


56.2 


3 


FFSCD (RE) 




(3) 


1.5254 


56.2 
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(continued) 



Example 21 



Surface No. 



Radius of 
curvature 



ASSCD (RE) 
FFS© 
FFS® 
FFS® (RE) 
FFS® (RE) 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



4 
5 
6 
7 
8 



(2) 
(4) 
(5) 
(6) 
(7) 



1 .5254 

1 .5254 
1 .5254 
1 .5254 



56.2 

56.2 
56.2 
56.2 



ASSCD 
R -93.13 
K 0.0000 
A -7.31 53X1 0" 6 
B 1 .0465x1 0" 8 

FF9CD 

C 4 -1 .2530X10-2 C 6 -1 .0935X1 0-2 C 8 4.3572x10-5 
C 10 5.6790X10" 5 -4.6759X1 0- 6 C 13 5.7024X1 0" 6 
C 15 -2.5865X 1 0" 6 C 17 5.1 708X 1 0" 8 C 19 4.7739x1 0" 8 
C 21 4.8274x1 0" 8 
FFS® 

C 4 2.1 276X 1 0-2 C 6 -1 .3001 X 1 0" 2 C 8 1 .2698X 1 0" 2 
C 10 -4.0940 X 1 0" 3 Cn 6.8259 X 1 0" 4 C 19 -1 .1 1 93X 1 0" 3 



'11 



-4.9525X10" 5 
FFS® 

C 4 -7.7818X10" 2 C 6 -1 .3978x10-2 C 8 8.2943x1 0" 3 
C 10 -3.6125X10" 3 -2.1473X10" 3 C 13 1.6422 X 10" 3 
C 15 2.1472X10" 4 
FFS® 

C 4 1 .7708X10-2 C 6 9.8479X1 0" 3 C 8 4.2747X1 0" 5 
C 10 1 .471 OX 1 0-5 Cn 6.0476X 1 0" 6 C 13 9.5455x1 0" 6 
C 15 7.9647X1 0" 6 
FFS® 

C 4 -3.2083X1 0" 3 C 6 -1 .1682X1 0-2 C 8 -3.8379X1 0" 4 
C 10 -4.7983X1 0- 4 3.2203X10-5 C 13 2.4146X10' 5 
C 15 1.5623X10-5 
FFS© 

C 4 -1 .2690 X 1 0-2 C 6 1 .2046 X 1 0" 2 

Displacement and tilt(1) 
X 0.00 Y 0.00 Z 0.00 
a 0.00 p 0.00 y 0.00 

Displacement and tilt(2) 
XO.OO Y 11.12 Z 31 .05 
a 6.41 p 0.00 y 0.00 

Displacement and tilt(3) 
XO.OO Y -0.11 Z 39.90 
a -26.24 p 0.00 y 0.00 

Displacement and tilt(4) 
XO.OO Y 19.37 Z 34.98 
a 52.37 p 0.00 y 0.00 

Displacement and tilt(5) 
XO.OO Y 19.70 Z 35.09 
a -124.03 p 0.00 y 0.00 
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(continued) 



Example 21 



Surface No. 



Radius of 
curvature 



FFS® 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



9 

Image plane 



(8) 
O) 



Displacement and tilt(6) 
X 0.00 Y 41.67 Z 44.93 
a -137.82 p 0.00 y 0.00 

Displacement and tilt(7) 
X 0.00 Y 36.67 Z 30.00 
a -1 76.69 p 0.00 y 0.00 

Displacement and tilt(8) 
X 0.00 Y 32.00 Z 48.79 
a 0.00 p 0.00 y 0.00 

Displacement and tilt(9) 
X0.00 Y 32.00 Z 51 .01 
a 0.00 p 0.00 y 0.00 



Example 22 


Surface No. 


Radius of curvature 


Surface separation 


Displacement and 


Refractive index 


Abbe's No 








tilt 






Object plane 


oo 


-1000.00 








1 


oo (StOp) 




(1) 






2 


oo 




(2) 


1 .4924 


107.9 


3 


ASS® 




(3) 






4 


ASS© 




(4) 


1 .5254 


56.2 


5 


FFS© (RE) 




(5) 


1 .5254 


56.2 


6 


ASS© (RE) 




(4) 


1 .5254 


56.2 


7 


FFS© 




(6) 






8 


FFS® 




(7) 


1 .5254 


56.2 


9 


FFS® (RE) 




(8) 


1 .5254 


56.2 


10 


FFS® (RE) 




(9) 


1 .5254 


56.2 


ASSCl) 










R -31.17 










K 0.0000 










A -2.3392X10 


-6 








B 1.4417X10" 


8 








ASS© 










R -104.32 










K 0.0000 










A-1. 1160X10 


-5 








B 1.3866X10" 


8 








FFS® 










C 4 -1 . 1 076X1 0" 2 C 6 -9.7026X 1 0" 3 C 


8 1.2453X1 0" 4 








C 10 8.6331 X10" 5 








FFS© 










C 4 -2.6908X1 0" 2 C 6 -2.2030X1 0" 2 C 


8 3.0544X1 0- 3 








C 10 -2.0443X1 0" 3 









32 



BNSDOCID: <EP 1186933A1J_> 



EP 1 186 933 A1 



(continued) 



Example 22 



Surface No. 



Radius of curvature 



FFS® 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No 



11 

Image plane 



(10) 
(11) 



FFS® 

C 4 -4.7273X10-2 C 6 -2.9318X10-2 C 8 4.8533X10" 4 
C 10 -2.1511X10" 3 
FFS® 

C 4 1.3337X10-2 C 6 7.7917X10" 3 C e 5.2903x1 0" 6 
C 10 3.2236x1 0" 5 
FFS© 

C 4 -7.4443X10-3 C 6 -1.1004X10-2 C 8 -3.4435 X 1 0" 4 
C 10 -2.7416X10" 4 
FFS© 

C 4 8.1792X10-3 c 6 7.4722X10" 3 

Displacement and tilt(1) 
X0.00 Y 0.00 Z 0.00 
a 0.00 P 0.00 7 0.00 

Displacement and tilt(2) 
X 0.00 Y 0.00 2 25.00 
a 0.00 (3 0.00 7 0.00 

Displacement and tilt(3) 
X 0.00 Y 0.00 Z 29.43 
a 0.00 (3 0.00 7 0.00 

Displacement and tilt(4) 
X 0.00 Y 10.49 Z 30.94 
a 6.19 (3 0.00 7 0.00 

Displacement and tilt(5) 
X0.00 Y -0.10 Z 40.19 
a -24.76 (5 0.00 7 0.00 

Displacement and tilt(6) 
X 0.00 Y 18.51 Z 35.34 
a 55.35 (3 0.00 7 0.00 

Displacement and tilt(7) 
X0.00 Y 19.05 Z 35.60 
a -111.46(3 0.00 7 0.00 

Displacement and tilt(8) 
X 0.00 Y 41 .39 Z 45.63 
a -142.01 (3 0.00 7 0.00 

Displacement and tilt(9) 
X 0.00 Y 38.56 Z 29.81 
a 177.05 (3 0.00 7 0.00 

Displacement and tilt(1 0) 
X 0.00 Y 32.00 Z 49.26 
a 0.00 p 0.00 7 0.00 

Displacement and tilt(1 1 ) 
X0.00 Y 32.00 Z 51 .37 
a 0.00 13 (3 0.00 7 0.00 
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15 



20 



25 



Example 23 


Surface No. 


Radius of 


Surface separation 


Displacement and 


Refractive index 


Abbe's No. 




curvature 




tilt 






Object plane 




- I uuu.uu 








1 


oo (Stop) 










2 


ASS® 




(1) 


1 .5254 


56.2 


3 


FFS® (RE) 




(2) 


1.5254 


56.2 


4 


ASS© (RE) 




d) 


1 .5254 


56.2 


5 


FFS® 




(3) 






ASSCD 








R -112.57 








K 0.0000 








A 1.2804X1 0- 


7 






B 1 .9023x1 0" 9 






ASS© 








R 17.18 








K 0.0000 








A-1.1585X10" 4 






B 4.5485X1 0- 


6 






FFS® 








C 4 -1 .0758 X 1 0-2 C 6 -1 .072 1 X 1 0 2 C 8 7.61 54X 1 0" 5 




C 10 -1.9106X10" 5 C ni 4.9749X1 0" 6 


C 13 -5.341 5X10" 6 




C 15 -2.861 0X1 0" 6 C 17 1.3623X10' 7 C 19 2.9234X1 0" 8 




C 21 -5.0012X10" 9 






FFS® 








C 4 -4.2973X 1 0-2 C 6 3.8451 X 1 0" 2 C 


8 3.6896X10" 3 




C 10 5.7252X10" 3 C 11 1.4826X10" 4 ( 


3 13 -1. 1264X1 0" 3 




C 15 4.7888X1 0" 4 







35 
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(continued) 



Example 23 



Surface No. 



Radius of 
curvature 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



6 
7 
8 

Image plane 



FFS© (RE) 

9.36 

ASS® 



(4) 
(5) 
(6) 
(7) 



1 .5254 



56.2 



FFS® 

C 4 2.0862X10" 2 C 6 1.8162X10" 2 C 8 1.4811 X10" 4 
C 10 -2.1971X10" 5 C n 1.3347X10" 5 C 13 2.3775X10" 5 
C 15 7.6542X10-6 

Displacement and tilt(1) 
X 0.00 Y 12.30 Z 38.14 
a-1 .09 p 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y -0.33 Z 45.00 
a -31.99 p 0.00 y 0.00 

Displacement and tilt(3) 
X 0.00 Y 19.10 Z 42.18 
a 78.03 (i 0.00 y 0.00 

Displacement and tilt(4) 
X 0.00 Y 39.78 Z 60.30 
a -147.16 (3 0.00 yO.OO 

Displacement and tilt(5) 
X 0.00 Y 32.00 Z 40.06 
a 0.00 p 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 37.55 
a 0.00 p 0.00 y 0.00 

Displacement and tilt(7) 
X0.00 Y 32.00 Z 31 .96 
a 0.00 p 0.00 y 0.00 



Example 24 


Surface No. 


Radius of 


Surface separation 


Displacement and 


Refractive index 


Abbe's No. 




curvature 




tilt 






Object plane 


CO 


-1000.00 








1 


oo(Stop) 










2 


ASS® 




(1) 


1 .5254 


56.2 


3 


FFS® (RE) 




(2) 


1 .5254 


56.2 


4 


ASS® (RE) 




(1) 


1 .5254 


56.2 


5 


FFS® 




(3) 







50 
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(continued) 



Example 24 



Surface No. 



Radius of 
curvature 



FFS® (RE) 
10.00 
-30.00 
20.00 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



6 
7 
8 
9 

Image plane 



(4) 
(5) 
(6) 
(7) 
(B) 



1.7400 
1 .4875 



45.0 
70.2 



ASS© 
R -755.72 
K 0.0000 
A -3.0223X1 0 -6 
B 3.6982X10" 9 

FFSCD 

C 4 -1 .3291 x 1 0"2 C 6 -9.1 362X 1 0' 3 C 8 1 .301 Ox 1 0" 5 
C 10 -4.7998X1 0" 5 C in 3.8631 X10" 8 C 13 1 .2388X1 0' 6 
C 15 -1 .7387X 1 0" 6 C 17 4. 1 889X 1 0" 7 C 19 3.3450X 1 0" 8 
C 21 1.5434X10" 8 
FFS® 

C 4 -4.9441 X1 0- 2 C 6 5.0481 X 1 0" 2 C 8 -1 .8555x 1 0' 3 
C 10 1 . 1 867X 1 0" 3 -1 .0276X 1 O" 3 C 1 3 2.6209 X 1 0' 3 
C 15 1.5800X1 0" 4 
FFS® 

C 4 2 . 1 838 X 1 0-2 C 6 2 . 0822 X 1 0-2 C8 1 .559 9 X 1 0" 4 
C 10 2.2274X10" 5 C ni 1 .7287X10- 5 C 13 3.1 039x1 0" 5 
C 15 1.7347X10-5 

Displacement and tilt(1 ) 
XO.OO Y 15.24 Z 38.77 
a 2.68 (3 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y 0.01 Z 47.98 
a -29.39 p 0.00 y 0.00 

Displacement and tilt(3) 
XO.OO Y 22.36 Z 42.21 
a 83.11 (5 0.00y0.00 

Displacement and tilt(4) 
XO.OO Y 38.88 Z 54.46 
a -145.16 (3 0.00 yO.OO 

Displacement and tilt(5) 
X 0.00 Y 32.00 Z 34.24 
a 0.00 |3 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 33.17 
a 0.00 p 0.00 y 0.00 

Displacement and tilt(7) 
X 0.00 Y 32.00 Z 30.48 
a 0.00 p 0.00 yO. 00 

Displacement and tilt(8) 
X 0.00 Y 32.00 Z 28.00 
a 0.00 p 0.00 y 0.00 
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Surface No. 


Radius of 
curvature 


Surface separation 


Displacement and 
tilt 


Refractive index 


Abbe's No. 


Object 


oo 


-1000.00 


• 






plane 












1 


<~(StOp) 










2 


AS9® 






1 .5254 


56.2 


3 


FFS® (RE) 




(2) 


1 .5254 


56.2 


4 


ASS® (RE) 




(1) 


1 .5254 


56.2 


5 


FFS© 




(3) 






6 


FFS® (RE) 




(4) 






7 


FFS® (RE) 




(5) 






Image plane 


oo 




(6) 







Example 25 



AS9CD 
R -142.30 
K 0.0000 
A -7.9459x1 0" 6 
B4.5193X10- 9 

FFS® 

C 4 -1 .5782X1 0- 2 C 6 -9.2595x1 0" 3 C 8 8.4720x1 0" 5 
C 10 4.5249X 1 0" 5 1 .0602X 1 0" 5 C 13 -8.7497X 1 0' 6 
C 15 -4.4525 X 1 0' 6 C 17 -5.8969X 1 0" 8 C 19 1 .8760 X 1 0" 7 
C 21 1.2837X10" 7 
FFS® 

C 4 -4.8446X10-2 C 6 -8.3829X1 0- 3 
FFS® 

C 4 1.6543X10-2 C 6 9.5400X1 0" 3 C 8 -1.0953X10' 4 
C 10 -1.8587X10" 5 5.3062 X10" 6 C 13 7.9992 X 10" 6 
C 15 5.781 6X1 0" 6 
FFS® 

C 4 -4.2215X1 0- 3 C 6 1.0692X10" 2 C 8 -3.6896x1 0" 4 
C 10 -2.5259X10- 4 5.9277X1 0" 6 C 13 -1.3516X10" 5 
C 15 -7.8520X1 0" 6 

Displacement and tilt(1) 
X0.O0 Y 11.67 Z 32.96 
a -1.41 p 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y -0.45 Z 40.56 
a -30.45 p 0.00 y 0.00 

Displacement and tilt(3) 
X 0.00 Y 18.56 Z 37.77 
a 33.95 p 0.00 y 0.00 

Displacement and tilt(4) 
X 0.00 Y 43.39 Z 48.1 6 
a-1 35.03 p 0.00 y 0.00 

Displacement and tilt(5) 
X0.00 Y 36.28 Z 31 .09 
a 6.39 p 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 55.72 
a 0.00 p 0.00 y 0.00 
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50 



55 



Example 26 



Surface No. 



Radius of 
curvature 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



Object plane 
1 
2 
3 
4 
5 
6 



-1000.00 



oo (Stop) 
FFS© 
FFS® (RE) 
FFS© 
FFS® 
FFS© (RE) 



(1) 
(2) 
(3) 
(4) 
(5) 



1 .5254 
1 .5254 

1 .5254 
1 .5254 



56.2 
56.2 

56.2 
56.2 



ffsGT 

C 4 -6.2629X10" 3 C 6 3.3796x1 0" 4 C 8 3.9666x1 0" 4 
C 10 -1 .2581 X 1 0" 4 2.6158X 1 0 6 C 13 3.2906X 1 0" 5 
C 15 1.4501X10-6 
FFS© 

C 4 -1 .3276X10" 2 C 6 -9.4693X1 0" 3 C 8 -8.4725X1 0' 5 
C 10 -1 .3499x1 0' 4 -2.9102X10" 6 C 13 -2.0112X10" 6 
C 15 -2.4589X10- 6 C 17 -4.4244X10" 9 C 19 -4.8328X10" 8 
C 21 -1.8143X10' 8 
FFS® 

C 4 -2.1469X10" 2 C 6 -3.3694X10" 2 C 8 -1.6179X10" 3 
C 10 -3.2678X10" 3 -7.9899X1 0" 5 C 13 -1 .7505x1 0" 4 



'15 



-3.5647X10- 4 
FFS® 



C 4 -1 . 1 648 X 1 0" 1 C 6 -4. 0332 X 1 0' 2 C 8 -1 . 1 348 X 1 0" 3 
C 10 1.9930X10- 3 8.3579X1 0" 4 C 13 8.0595X1 0" 4 
C 15 9.9925 X10" 4 
FFS® 

C 4 1 .9541 X 1 0-2 C 6 1 .6255X 1 0" 2 C 8 -1 .051 6X 1 0" 5 
C 10 -5.5991X10- 5 Cn 4.5526X10- 6 C 13 1.2743 X 10" 5 
C 15 3.8394X10- 6 
FFS® 

C 4 1.9172X10-2 C 6 3.2175X10-2 9.6401 X10" 5 
C 13 -2.6951 X 1 0" 5 C 15 -1 .6440X1 0" 4 

Displacement and tilt(1) 
X 0.00 Y 0.00 Z 32.45 
a -13.66 p 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y -1.36 Z 48.79 
a -33.83 p 0.00 y 0.00 

Displacement and tilt(3) 
XO.OO Y 12.70 Z 41 .59 
a -50.46 p 0.00 y 0.00 
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Example 26 



Surface No. 



Radius of 
curvature 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



FFS® 



Image plane 



(6) 
(7) 



Displacement and tilt(4) 
X 0.00 Y 19.62 Z 39.02 
a -65.04 p 0.00 7O.OO 

Displacement and tilt(5) 
X 0.00 Y 42.00 Z 30.00 
a -44.81 p 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 45.53 
a 0.00 (3 0.00 y 0.00 

Displacement and tilt(7) 
X 0.00 Y 32.00 Z 53.23 
a 0.00 p 0.00 7 0.00 





Example 27 


25 


Surface No. 


Radius of 
curvature 


Surface separation 


Displacement and 
tilt 


Refractive index 


Abbe's No. 




Object t plane 


oo 


-1000.00 










1 


oo (Stop) 










30 


2 


ASS© 




(1) 


1 .5254 


56.2 2 


3 


FFS® (RE) 




(2) 


1 .5254 


56.2 




4 


ASS® (RE) 




(1) 


1 .5254 


56.2 




5 


FFS® (RE) 




(2) 


1 .5254 


56.2 




6 


FFS® 




(3) 






35 


AS33) 
R -109.37 
K 0.0000 
A2.7422X10- 5 














B -4.1 869X1 0" 8 










40 


FFS® 














C 4 -1 . 1 1 26X 1 0" 2 C 6 -1 .0227X 1 0" 2 C 8 -6.0588x1 0" 5 










C 10 -3.0318X10" 5 Cn 7.9055X10" 6 C 13 1.1105X10" 5 










C 15 1.0604X10 


- 6 C 17 2.8597X10" 7 C 


; 19 1.5498x1 0" 7 










C 21 1.4283X10" 7 










45 


FFS® 

C 4 3.6878X10- 2 C 6 3.5702X10- 2 C 8 


-2.0106X10-2 










C 10 -9.8201 X10" 3 C n1 2.1010X10- 3 C 13 -1.9983X10" 3 










C 13 9.8827X1 0" 4 










50 


FFS® 












C 4 -1.0254X1 0-1 C 6 -2.5575X10-2C 


o -2.0239x10-2 










C 10 -5.8721X10" 3 1.0962X10" 3 C 13 -3.3381 X10" 3 










C 15 4.7815X10- 4 











55 



39 



BNSDOCID: <EP 1186933A1J_> 



EP1 186 933 A1 



(continued) 



Example 27 



Surface No. 



Radius of 
curvature 

FFS© 

FFS© (RE) 

FFS® 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



7 
8 
9 

Image plane 



(4) 
(5) 
(6) 
(7) 



1 .5254 
1 .5254 



56.2 
56.2 



FFS®~~ 

C 4 2.3287X10" 2 C 6 1.8127X10" 2 C 8 -4.0703X1 0" 4 
C 10 -2 .4676 x 1 0" 4 C 1 1 1 . 9470 x 1 0" 5 C-, 3 3 . 1 1 78 X 1 0" 5 
C 15 -3.0929x1 0" 7 
FFS® 

C 4 -1 .9980X10- 2 C 6 -1 .9644X1 0-2 C t1 1 .8913X10" 4 
C 13 4.0095X 1 0- 4 C 15 5.1 524X 1 O" 4 

Displacement and tilt(1 ) 
X 0.00 Y 6.56 Z 32.12 
a -2.57 p 0.00 y 0.00 

Displacement and tilt(2) 
XO.OO Y -0.19 Z 38.74 
a -23.54 p 0.00 y 0.00 

Displacement and tilt(3) 
X 0.00 Y 20.79 Z 39.32 
a -71.99 p 0.00 7 0.00 

Displacement and tilt(4) 
XO.OO Y 21.54 Z 38.60 
a -84.73 p 0.00 y 0.00 

Displacement and tilt(5) 
X 0.00 Y 36.81 Z 30.00 
a -35.69 p 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 44.11 
a 0.00 p 0.00 7 0.00 

Displacement and tilt(7) 
XO.OO Y 32.00 Z 50.34 
a 0.00 p 0.00 7 0.00 



Example 28 


Surface No. 


Radius of 


Surface separation 


Displacement and 


Refractive index 


Abbe 1 S No. 




curvature 




tilt 






Object plane 


oo 


-1000.00 








1 


oo (StOp) 










2 


FFS® 




(1) 


1 .5254 


56.2 


3 


FFS© (RE) 




(2) 


1 .5254 


56.2 


4 


FFS® (RE) 




(3) 


1 .5254 


56.2 


5 


FFS® 




(4) 






6 


FFS® 




(5) 


1 .5254 


56.2 


7 


FFS® (RE) 




(6) 


1 .5254 


56.2 



55 
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(continued) 



Example 28 



Surface No. 



Radius of 
curvature 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe' S No. 



8 
9 

Image plane 



FFSC7) (RE) 
FFS® 



(7) 
(8) 
(9) 



1 .5254 



56.2 



FFSCD 

C 4 -8.4040X10" 3 C 6 -8.5948X10' 3 
FFS© 

C 4 -4.8109X10" 3 C 6 -3.4151 X10' 3 C 8 7.6983X10" 6 



C 10 5.9643X10" 6 
FFS® 

C 4 8.5504X1 0- 4 C 6 2.0899X10" 3 C 8 3.9710X1 0' 6 
C 10 1.2427X10-5 

FFS® 

C 4 -4. 1 338 X 1 0-3 C 6 4.6863 X 1 0" 3 
FFS® 

C 4 1 .8948 X 1 0- 2 C 6 7.81 1 2X 1 0"3 
FFS® 

C 4 -2.9136X10-3 C 6 -2.6792X1 0-3 
FFS® 

C 4 1.0066X10" 2 C 6 1.0913X10- 2 
FFS® 

C 4 -2.2044x1 0-2 C 6 -1 .6909X1 0-2 

Displacement and tilt(1) 
X 0.00 Y 0.00 Z 30.00 
a 0.00 p 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y 7.73 Z 66.05 
a 18.69 p 0.00 y 0.00 

Displacement and tilt(3) 
X 0.00 Y -17.85 Z 38.62 
a 46.96 p 0.00 y 0.00 

Displacement and tilt(4) 
X 0.00 Y 20.71 Z 58.27 
a 70.85 (3 0.00 y 0.00 

Displacement and tilt(5) 
XO.OO Y 21.56 Z 58.79 
a 72.1 8 p 0.00 y 0.00 

Displacement and tilt(6) 
X 0.00 Y 41.10 Z 68.55 
a 46.38 p 0.00 y 0.00 

Displacement and tilt(7) 
X 0.00 Y 28.64 Z 46.33 
a 1 7.45 p 0.00 y 0.00 

Displacement and tilt(8) 
XO.OO Y 32.02 Z 71 .98 
a 0.00 p 0.00 y 0.00 

Displacement and tilt(9) 
X 0.00 Y 32.00 Z 76.97 
a 0.00 p 0.00 7 0.00 
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Example 29 
Surface No. 



Radius of 
curvature 



Surface separation 



Displacement and 
tilt 



Refractive index 



Abbe's No. 



Object plane 
1 
2 
3 
4 
5 
6 
7 



-1000.00 



oo (Stop) 
ASS® 
FFS® (RE) 
ASS® (RE) 
FFS® 
FFS® 
FFS© (RE) 



(1) 
(2) 
(1) 

(3) 
(4) 
(5) 



1 .5254 
1 .5254 
1 .5254 

1 .5254 
1 .5254 



56.2 
56.2 
56.2 

56.2 
56.2 



ASSQT 

R 1285.39 
K 0.0000 
A 6.4599 X10" 7 
B -3.7861 X10" 10 
FFS® 

C 4 -3.6795X10" 3 C 6 -2.1319X1 0 3 C 8 -5.8405X10" 5 
C 10 -6. 5664X10" 5 C in 8. 2431x1 0~ 7 C 13 1 .4603x1 0" 6 
C 15 1 .4571 X 1 0" 6 C 17 -5.6374X 1 0' 8 C 19 -3.7292X 1 0' 8 
C 21 -4.3730X10" 8 
FFS© 

C 4 -3.1 489X1 0" 4 C 6 5.2538X 1 0" 3 C 8 1 .281 7X 1 0" 3 
C 10 1 .21 56X 1 0" 3 5.1 327X 1 0" 6 C 13 -1 .0362X 1 0" 5 
C 15 4.7618X10" 5 
FFS© 

C 4 -2.2969 X 10" 3 C 6 -4. 7767X1 0" 4 C 8 3.1569X10" 4 
C 10 1 .9939X1 0" 4 4.1 969X 1 0" 7 C 13 1 .3660x1 0" 5 
C 15 4.681 7X1 0" 6 
FFS® 

C 4 2.2969X10" 3 C 6 4.7767X1 0" 4 C 8 -3.1569X10" 4 
C 10 -1 .9939X10" 4 -4.1969X1 0" 7 C 13 -1 .3660x1 0" 5 
C 15 -4.6817X10- 8 
FFS© 

C 4 2.5793X10" 2 C 6 -4.2457X10" 3 -4.8745x1 0" 4 
C 13 -1.7443X10" 4 C 15 -3.6717X10-5 

Displacement and tilt(1) 
X 0.00 Y 10.19 Z 29.40 
a 7.35 p 0.00 y 0.00 

Displacement and tilt(2) 
X 0.00 Y -3.29 Z 36.33 
a -25.35p 0.00 y 0.00 

Displacement and tilt(3) 
X 0.00 Y 24.99 Z 36.53 
a 82.49 p 0.00 y 0.00 

Displacement and tilt(4) 
XO.OO Y 18.12 Z 7.32 
a -18.71 pO.OOyO.00 

Displacement and tilt(5) 
XO.OO Y 18.12 Z -7.32 
a 18.71 (5 0.00 yO. 00 
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(continued) 



Example 29 


Surface No. 


Radius of 


Surface separation 


Displacement and 


Refractive index 


Abbe's No. 




curvature 




tilt m 






8 


FFS© 




(6) 






Image plane 


oo 




(7) 






Displacement and tilt(6) 




X 0.00 Y 24.00 Z 0.00 




a 90.00 p 0.00 yO. 00 




Displacement and tilt(7) 




X 0.00 Y 0.00 Z 1.73 




a 0.00 p 0.00 y 0.00 





15 



20 



25 



45 



Example 30 


Surface No. 


Radius of 


Surface separation 


Displacement and 


Refractive index 


Abbe's No. 




curvature 




tilt 






Object plane 


oo 


-1000.00 








1 


oo (StOp) 










2 


ASS® 




(1) 


1 .5254 


56.2 


3 


FFS® (RE) 




(2) 


1 .5254 


56.2 


4 


ASS® (RE) 






1 .5254 


56.2 


5 


FFS© 




(Vi 

W 






6 


FFS® 




(4) 


1 .5254 


56.2 


7 


FFS® (RE) 




(5) 


1 .5254 


56.2 


asscd 












R 368.58 












K 0.0000 












A 7.6841 X 10" 


7 










B -3.6756x10 


-11 










FFS® 












C 4 -2.7696x1 0" 3 C 6 -1 .4546x1 0" 3 C 8 -5.7608x1 0 5 








C 10 -9.2334X1 0- 5 5.8163X10-7 


C 13 3.5074X1 0- 6 








C 15 2.2152X10- 6 C 17 -1.8054 X 10" 


7 C 19 -1.1334X10-7 








C 21 -1 .0782X10- 7 










FFS® 












C 4 3 .3609 X 1 0" 4 C 6 8 .41 79 X 1 0" 2 C 8 -3. 1 41 9 X 1 0 5 








C 10 3.1128x1 0" 3 C-m 3.4030X1 0" 5 C 13 -1 .1634X10" 4 








C 15 3.9570X1 0" 5 










FFS® 












C 4 -3.7622X1 0" 3 C 6 -3.6532x1 0' 3 C 8 1 .5526x1 0" 4 








C 10 -5.4887X1 0- 6 -7.4035X1 0" 6 C 13 1.0763X10" 5 








C 15 -6.6288 X 10-7 










FFS® 












C 4 3.7622X 1 0- 3 C 6 3.6532X 1 0" 3 C 6 -1 .5526X 1 0" 4 








C 10 5.4887X 1 0-6 Chh 7.4035X 1 0"6 C 13 -1 .0763X 1 0"5 








C 15 6.6288x10-7 
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(continued) 



Example 30 



Surface No. 



Radius of 
curvature 
FFS© 



Surface separation 



Displacement and 
tilt. 



Refractive index 



Abbe's No. 



8 

Image plane 



(6) 
(7) 



FFS® 

C 4 2.81 69X 1 0"2 C 6 4.5388X 1 0" 4 C^ -4.5848 X 1 0" 4 
C 13 -8.7689 X10' 5 C 15 -8.8053 X10" 6 

Displacement and tilt(1 ) 
X 0.00 Y 1 7.47 Z 30.07 
cc-1 .32 p 0.00 y 0.00 

Displacement and tilt(2) 
X0.00 Y 0.39 Z 38.40 
a -28.76 P 0.00 y 0.00 

Displacement and tilt(3) 
X0.00 Y 30.09 Z 31 .35 
a 36.81 p 0.00 y 0.00 

Displacement and tilt(4) 
X 0.00 Y 19.88 Z 6.67 
a -15.86 p 0.00 yO.OO 

Displacement and tilt(5) 
X 0.00 Y. 19.88 Z -6.67 
a 15.86 p 0.00 yO.OO 

Displacement and tilt(6) 
X 0.00 Y 29.00 Z 0.00 
a 90.00 p 0.00 y 0.00 

Displacement and tilt(7) 
X0.00 YO.OO Z 1.82 
a 0.00 p 0.00 y 0.00 
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[0154] Figs. 34, 35, 36, 37 and 38 are aberrational diagrams showing lateral aberrations in the above-described 
Examples 1 6, 20, 22, 29 and 30. In the diagrams showing lateral aberrations, the numerals in the parentheses denote 
(horizontal field angle, vertical field angle), and lateral aberrations at the field angles are shown. 
[0155] It should be noted that the values of the conditions (4) and (6), which will be described later, in the above- 
described Examples 16 to 28 are as follows: 



55 





Condition (4) 8^°) 


Condition (6) ED., (mm) 


Example 16 


22.5 


119.4 


Example 1 7 


41.0 | 


57.7 


Example 18 


37.2 


62.5 


Example 19 


22.0 


33.4 


Example 20 


26.1 


99.4 


Example 21 


18.8 


92.7 


Example 22 


25.6 


95.7 


Example 23 


41.2 


58.3 


Example 24 


36.6 


50.1 


Example 25 


22.7 


70.4 


Example 26 


20.4 


78.5 


Example 27 


43.8 


56.2 


Example 28 


31.2 


117.5 



[01 56] Next, the values concerning the conditions ( 1 ) to (3) in the above-described Examples 29 and 30 are as follows: 
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Example 29 


Example 30 


Condition (1) 


a 


43°^a^54° 


43°^a^58° 


Condition (2) 


P 


19° 


18° 


Condition (3) 


D 


27.5 mm 


31 mm 




L 


72 mm 


72 mm 




D/L 


0.38 


0.43 



10 



15 



[0157] It should be noted that the free-form surfaces in the above-described Examples 1 6 to 30 may be replaced 
with spherical surfaces including plane surfaces, aspherical surfaces, anamorphic surfaces, or anamorphic aspherical 
surfaces. 

[0158] Regarding the optical system of the image display apparatus according to the present invention as stated 
above, when a ray passing through the center of the image displayed by the image display device 3 and further passing 
through the center of a right-hand pupil 4R formed by the ocular prism 2R for the right eye is defined as a right-hand 
optical axis, and a ray passing through the center of the image displayed by the image display device 3 and further 
passing through the center of a left-hand pupil 4L formed by the ocular prism 2L for the left eye is defined as a left- 
hand optical axis, it is desirable to satisfy the following condition: 



20 



io°<e 1 <60° 



(4) 



25 



30 



35 



where G 1 is the absolute value of the angle formed between each of the right-hand optical axis and the left-hand 
optical axis, which enter the ocular prism 2R for the right eye and the ocular prism 2L for the left eye from the optical 
path distributing mirror 1 orthe optical path distributing prism 1 0, and the display surface of the image display device 3. 
[0159] The condition (4) limits the angle formed between the axial principal ray entering the ocular prisms 2R and 
2L from the optical path distributing means, which comprises the optical path distributing mirror 1 orthe optical path 
distributing prism 10, and the image display device 3. 

[0160] If 0., is not larger than the lower limit of the above condition (4), i.e. 10°, the axial principal ray entering the 
ocular prisms from the optical path distributing means undesirably forms an optical path approximately parallel to the 
image display device. Consequently, it becomes difficult to ensure the left and right optical paths. Accordingly, it be- 
comes necessary to use a half-mirror in order to distribute the optical path from a single image display device, e.g. an 
LCD, to the left and right ocular prisms. The use of a half-mirror results in an unfavorably dark image. If 8., is not smaller 
than the upper limit of the condition (4), i.e. 60°, it is necessary to tilt each ocular prism to a considerable extent or to 
increase the size of the prism itself. Consequently, it becomes impossible to attain a compact and lightweight optical 
system. 

[0161] It is more desirable for the above condition to be the following condition (5): 



40 



15°<G 1 <50° 



(5) 



45 



[0162] If the angle 6 1 is within the range defined by the above condition, it is possible to attain a further reduction in 
size of the apparatus while ensuring the left and right optical paths. 

[0163] Further, when the distance from the image display device 3 to each of the entrance surface 21 R of the ocular 
prism 2R for the right eye and the entrance surface 21 L of the ocular prism 2L for the left eye along the optical axis is 
denoted by ED-,, it is desirable to satisfy the following condition: 
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20 mm<ZD 1 <150 mm 



(6) 



[0164] The above condition (6) is a condition for attaining a reduction in size of the apparatus, which defines the 
optical path length of the axial principal ray from the image display device 3 to each of the ocular prisms 2R and 2L. 
[0165] If ZD 1 is not larger than the lower limit of the above condition (6), i.e. 20 mm, the power of each surface of 
the optical path distributing means becomes extremely strong. Consequently, it becomes impossible to favorably correct 
decentration aberrations, particularly decentration comatic aberration. In addition, the angle between the image display 
device 3 and the rays (principal ray tilt angle) becomes extremely large, which is unfavorable. If ED-, is not smaller than 
the upper limit of the condition (6), i.e. 150 mm, the optical path distributing means becomes large in size and projects 
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to a considerable extent in comparison to the ocular prisms, unfavorably. 

[0166] It is more desirable for the above condition to be the following condition (7): 



10 



30 mm<SD 1 <1 30 mm (7) 

[0167] If ZD 1 is within the range defined by the above condition, it is possible to attain a further reduction in size of 
the apparatus while maintaining the favorable performance. 

[0168] It is even more desirable for the above condition to be the following condition (8): 

45 mm<ED 1 <120 mm (8) 

[0169] If ZD-j is within the range defined by the above condition, it is possible to attain a further reduction in size of 
15 the apparatus while maintaining the favorable performance. 

[0170] In the above-described optical system of the image display apparatus according to the present invention, it 
is possible to perform see-through observation of the outside world by bonding, as shown for example in Fig. 39, 
compensating prisms 1 6L and 1 6R to the reflecting surfaces 23L and 23R (in the case of Fig. 26, the reflecting surfaces 
22Land22R; in the case of Fig. 27, 22L, 22R, 24Rand24R; and in the case of Fig. 28, 23L and23R) of the decentered 
20 prism members 2L and 2R for the left and right eyes on the outside-world sides thereof (on the sides thereof remote 
from the observer's face) or placing the compensating prisms 16L and 16R at a slight distance from the reflecting 
surfaces 23L and 23R as half-mirror surfaces for compensating for bending of the optical paths and further forming 
the outside world-side surfaces 1 7L and 1 7R of the compensating prisms 1 6L and 1 6R so that the surfaces 1 7L and 
17R have approximately the same configurations as those of the observer's face-side transmitting surfaces 24L and 
25 24R, respectively (in the case of Fig. 26, the transmitting surfaces 23L and 23R; in the case of Fig. 27, 25L and 25R; 
and in the case of Fig. 28, 24L and 24R) of the decentered prism members 2L and 2R for the left and right eyes, thereby 
allowing light from the outside world to pass approximately in straight lines. In this case : superimposing function or 
see-through function can be added by placing means for changing the transmittance of light from the outside world, 
e.g. a liquid crystal shutter, on the outside world side of the compensating prisms 1 6L and 1 6R. 
[0171] In the present invention, a transmission type or reflection type LCD (liquid crystal display device) can be used 
as the image display device 3, as stated above. However, the use of a self-emission type panel makes it possible to 
simplify the structure and hence possible to construct a lightweight image display apparatus. The use of an LCD as 
the image display device 3 involves the problem that an illuminating light source, e.g. a backlight, is needed, and the 
problem that an LCD invariably needs a polarizer, and only a half of illuminating light can be used for display. 
[0172] Therefore, it is desirable to use a self-emission type panel (display). Examples of self-emission panels include 
OLEDs (Organic Light Emitting Diodes), LEDs (Light Emitting Diodes), and an EL (Electroluminescence) panel having 
a structure such as that illustrated in Fig. 40. 

[0173] Fig. 40 shows the structure of an organic EL comprising three layers. An organic EL layer comprising three 
layers, i.e. a hole injection layer, an organic EL layer, and an electron injection layer, is sandwiched between pixel 
40 electrodes provided on an Si substrate and having a switching element placed for each pixel and an ITO film provided 
on the lower surface of a glass substrate as a common electrode. When a voltage is applied between the ITO film and 
the pixel electrodes by the action of the switching elements, holes are injected into the organic EL layer from the hole 
injection layer and electrons are injected into the organic EL layer from the electron injection layer. The holes and the 
electrons recombine in the organic EL layer, causing the portions of the organic EL layer corresponding to the pixels 
45 to emit light. Thus, the desired image is displayed. 

[0174] The advantage of the use of such a light-emission type display in the image display apparatus lies in its 
excellent viewing angle characteristics. In particular, in a head-mounted image display apparatus (HMD) designed for 
observation with two eyes, the pupils of the optical systems and the observer's pupils may be displaced with respect 
to each other owing to a difference in interpupillary distance among observers or displacement of the HMD body. In 
50 order to prevent the image for observation from darkening even when the observer's pupils are displaced, it is important 
to make the pupils of the optical systems free from aberrations over a wide range. Even if the optical systems are 
designed so that the pupils are widened, when the pupils are displaced, the observer is placed under conditions where 
he or she views the image display device obliquely through the ocular optical systems. In general, image display devices 
using LCD are inferior in viewing angle characteristics when viewed obliquely. That is, it is possible to view only an 
image for observation that is reduced in contrast or undesirably tone-reversed. Accordingly, the brightness and contrast 
of the image field undesirably vary according to the fitting position of the HMD, and it is difficult to view the image with 
stable image quality. With a light-emission type image display device, such problems are unlikely to occur, and it is 
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therefore favorable for use as an image display device for an HMD. 

[0175] Incidentally, it is possible to form a stationary or portable image display apparatus by preparing and supporting 
one set of image display apparatus according to the present invention arranged as stated above. Fig. 41 shows the 
image display apparatus. In Fig. 41 , reference numeral 31 denotes a display apparatus body unit, which is fixed by a 

5 support member through the observer's head so that the display apparatus body unit 31 is held in front of both the 
observer's eyes. The support member has a pair of front frames 32 (left a*hd right) each joined at one end thereof to 
the display apparatus body unit 31 . The left and right front frames 32 extend from the observer's temples to the upper 
portions of his/her ears, respectively. A pair of rear frames 33 (left and right) are joined to the other ends of the front 
frames 32, respectively, and extend over the side portions of the observer's head. Alternatively, the support member 

10 further has a top frame 34 joined at both ends thereof to the other ends of the left and right rear frames 33, respectively, 
so that the top frame 34 supports the top of the observer's head. 

[0176] A rear plate 35 is joined to one front frame 32 near the joint to the rear frame 33. The rear plate 35 is formed 
from an elastic member, e.g. a metal leaf spring. A rear cover 36, which constitutes a part of the support member, is 
joined to the rear plate 35 so that the rear cover 36 can support the apparatus at a position behind the observer's ear 
15 in a region extending from the back part of the head to the base of the neck. A speaker 39 is mounted inside the rear 
plate 35 or the rear cover 36 at a position corresponding to the observer's ear. 

[0177] A cable 41 for transmitting external image and sound signals is led out from the display apparatus body unit 
31 . The cable 41 extends through the top frame 34, the rear frames 33, the front frames 32 and the rear plate 35 and 
projects to the outside from the rear end of the rear plate 35 or the rear cover 36. The cable 41 is connected to a video- 
20 replaying unit 40. It should be noted that reference numeral 40a in the figure denotes a switch and volume control part 
of the video-replaying unit 40. 

[0178] The cable 41 may have a jack and plug arrangement attached to the distal end thereof so that the cable 41 
can be connected to an existing video deck or the like. The cable 41 may also be connected to a TV signal-receiving 
tuner so as to enable the user to enjoy watching TV. Alternatively, the cable 41 may be connected to a computer to 
25 receive computer graphic images or message images orthe like from the computer. To eliminate the bothersome cord, 
the apparatus may be arranged to receive external radio signals through an antenna connected thereto. 

INDUSTRIAL APPLICABILITY 

30 [0179] As will be clear from the foregoing description, it is possible according to the present invention to provide an 
image display apparatus, e.g. a head-mounted image display apparatus, in which an image from a single image display 
device is led to two eyes without using a half-mirror, thereby allowing observation of a bright image, and in which an 
optical path distributing mirror or an optical path distributing prism placed at the middle between the two eyes facilitates 
the correction of various aberrations. In addition, it is possible to obtain an illuminating arrangement which is the most 

35 suitable for observation of a single panel with two eyes and which can be used without the need to switch the display 
image for the left and right. 



Claims 

40 

1. An image display apparatus comprising an image display device for displaying an image to be observed by an 
observer, an optical path distributing mirror for distributing said image to an optical path for a right eye and an 
optical path for a left eye, an ocular prism for the right eye that is placed on a right-hand side of said optical path 
distributing mirror, and an. ocular prism for the left eye that is placed on a left-hand side of said optical path dis- 
45 tributing mirror 

said optical path distributing mirror having a mirror surface placed to face said image display device to reflect 
a display light beam emanating from said image display device so as to distribute the display light beam to 
said ocular prism for the right eye and said prism for the left eye, said mirror surface having a rotationally 

so asymmetric curved surface configuration that corrects decentration aberrations, 

said ocular prism for the right eye having a first surface through which the light beam of the optical path for 
the right eye reflected by said optical path distributing mirror enters the prism, a second surface which reflects 
the light beam of the optical path for the right eye within the prism, and a third surface through which the light 
beam of the optical path for the right eye exits from the prism, 

55 said ocular prism for the left eye having a first surface through which the light beam of the optical path for the 

left eye reflected by said optical path distributing mirror enters the prism, a second surface which reflects the 
light beam of the optical path for the left eye within the prism, and a third surface through which the light beam 
of the optical path for the left eye exits from the prism, 
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wherein at least the second surface of said ocular prism for the right eye, which is a reflecting surface, 
and the second surface of said ocular prism for the left eye, which is a reflecting surface, have a rotationally 
asymmetric curved surface configuration that corrects decentration aberrations. 

5 2. An image display apparatus according to claim 1 , 

wherein the rotationally asymmetric curved surface configuration of said optical path distributing mirror is a free- 
form surface having only one plane of symmetry. 

3. An image display apparatus according to claim 2, 
10 wherein the free-form surface of said optical path distributing mirror has said only one plane of symmetry in a plane 

(YZ-plane) connecting a center of the image displayed by said image display device and a center of a right-hand 
pupil formed by said ocular prism for the right eye and further a center of a left-hand pupil formed by said ocular 
prism for the left eye. 

15 4. An image display apparatus according to any one of claims 1 to 3, wherein said image display device is placed 
between said optical path distributing mirror and said observer in a longitudinal direction (Z-direction) and between 
said ocular prism for the right eye and said ocular prism for the left eye in a lateral direction (Y-direction). 

5. An image display apparatus according to any one of claims 1 to 3, wherein a negative lens that gives a negative 
20 power to a light beam is placed between said image display device and said optical path distributing mirror. 

6. An image display apparatus according to any one of claims 1 to 3, wherein said ocular prism for the right eye is 
arranged so that a light beam exiting from said optical path distributing mirror and entering the prism through said 
first surface is made incident on said third surface at an angle larger than a total reflection critical angle so as to 

25 be reflected toward said second surface within the prism by total reflection, and the light beam reflected from said 

second surface is made incident on said third surface at an angle smaller than the total reflection critical angle so 
as to pass through said third surface to exit from the prism, and 

wherein said ocular prism for the left eye is arranged so that a light beam exiting from said optical path 
distributing mirror and entering the prism through said first surface is made incident on said third surface at an 

30 angle larger than a total reflection critical angle so as to be reflected toward said second surface within the prism 

by total reflection, and the light beam reflected from said second surface is made incident on said third surface at 
an angle smallerthan the total reflection critical angle so as to pass through said third surface to exitfrom the prism. 

7. An image display apparatus according to any one of claims 1 to 3, wherein said first surface of said ocular prism 
35 for the right eye has a rotationally asymmetric curved surface configuration that corrects decentration aberrations, 

and 

wherein said first surface of said ocular prism for the left eye has a rotationally asymmetric curved surface 
configuration that corrects decentration aberrations. 

40 8. An image display apparatus according to claim 7, 

wherein the rotationally asymmetric curved surface configuration of said first surface of said ocular prism for the 
right eye is a free-form surface having only one plane of symmetry, and 

wherein the rotationally asymmetric curved surface configuration of said first surface of said ocular prism for 
the left eye is a free-form surface having only one plane of symmetry. 

45 

9. An image display apparatus according to claim 8, 

wherein when a light ray passing through a center of the image displayed by said image display device and further 
passing through a center of a right-hand pupil formed by said ocular prism for the right eye is defined as an optical 
axis, the free-form surface of said first surface of said ocular prism for the right eye has said only one plane of 
50 symmetry in a plane (YZ-plane) containing the optical axis in a folded optical path within the prism, and 

wherein when a light ray passing through the center of the image displayed by said image display device 
and further passing through a center of a right-hand pupil formed by said ocular prism for the left eye is defined 
as an optical axis, the free-form surface of said first surface of said ocular prism for the left eye has said only one 
plane of symmetry in a plane (YZ-plane) containing the optical axis in a folded optical path within the prism. 



55 



10. An image display apparatus according to any one of claims 1 to 3, wherein said third surface of said ocular prism 
forthe right eye has a rotationally asymmetric curved surface configuration that corrects decentration aberrations, 
and 
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wherein said third surface of said ocular prism for the left eye has a rotationaily asymmetric curved surface 
configuration that corrects decentration aberrations. 

11. An image display apparatus according to claim 10, 
5 wherein the rotationaily asymmetric curved surface configuration of said third surface of said ocular prism for the 

right eye is a free-form surface having only one plane of symmetry, arfd 

wherein the rotationaily asymmetric curved surface configuration of said third surface of said ocular prism 
for the left eye is a free-form surface having only one plane of symmetry. 

An image display apparatus according to claim 11 , 

wherein when a light ray passing through a center of the image displayed by said image display device and further 
passing through a center of a right-hand pupil formed by said ocular prism for the right eye is defined as an optical 
axis, the free-form surface of said third surface of said ocular prism for the right eye has said only one plane of 
symmetry in a plane (YZ-plane) containing the optical axis in a folded optical path within the prism, and 

wherein when a light ray passing through the center of the image displayed by said image display device 
and further passing through a center of a right-hand pupil formed by said ocular prism for the left eye is defined 
as an optical axis, the free-form surface of said third surface of said ocular prism for the left eye has said only one 
plane of symmetry in a plane (YZ-plane) containing the optical axis in a folded optical path within the prism. 

20 13. An image display apparatus according to any one of claims 1 to 3, wherein said third surface of said ocular prism 
for the right eye is a rotationaily symmetric aspherical surface, and 

wherein said third surface of said ocular prism for the left eye is a rotationaily symmetric aspherical surface. 

An image display apparatus comprising an image display device for displaying an image to be observed by an 
observer, an optical path distributing prism for distributing said image to an optical path for a right eye and an 
optical path for a left eye, an ocular prism for the right eye that is placed on a right-hand side of said optical path 
distributing prism, and an ocular prism for the left eye that is placed on a left-hand side of said optical path distrib- 
uting prism, 

said optical path distributing prism having at least a first surface placed to face said image display device so 
that a display light beam emanating from said image display device enters the prism through the first surface, 
a second-first surface which reflects said optical path for the right eye entering through said first surface, a 
second-second surface which reflects said optical path for the left eye entering through said first surface, a 
third-first surface through which the light beam of said optical path for the right eye exits from the prism, and 
a third-second surface through which the light beam of said optical path for the left eye exits from the prism, 
said optical path distributing prism being arranged so that at least said second-first surface and said second- 
second surface have a curved surface configuration that gives a power to a light beam to form a relay image 
for the right eye from the image displayed by said image display device in said optical path for the right eye 
and to form a relay image for the left eye from the image displayed by said image display device in said optical 
path for the left eye, and said second-first surface and said second-second surface have a same surface 
configuration, 

said ocular prism for the right eye having a first surface through which the light beam of the optical path for 
the right eye exiting from said third-first surface of said optical path distributing prism enters the prism, a second 
surface which reflects the light beam of the optical path for the right eye within the prism, and a third surface 
through which the light beam of the optical path for the right eye exits from the prism, 

said ocular prism for the left eye having a first surface through which the light beam of the optical path for the 
left eye exiting from said third-second surface of said optical path distributing prism enters the prism, a second 
surface which reflects the light beam of the optical path for the left eye within the prism, and a third surface 
through which the light beam of the optical path for the left eye exits from the prism, 

wherein at least said second surface of said ocular prism for the right eye, which is a reflecting surface, 
and said second surface of said ocular prism for the left eye, which is a reflecting surface, have a rotationaily 
asymmetric curved surface configuration that corrects decentration aberrations. 

15. An image display apparatus according to claim 14, 

55 wherein the third-first surface and third-second surface of said optical path distributing prism are curved surfaces 

of a same configuration. 

16. An image display apparatus according to claim 14 or 15, wherein the first surface, second-first surface, second- 
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second surface, third-first surface and third-second surface of said optical path distributing prism form optical 
surfaces of the prism as surfaces which are independent of each other, and 

wherein the second-first surface, second-second surface, third-first surface and third-second surface of said 
optical path distributing prism have a rotationally asymmetric curved surface configuration that corrects decentra- 
5 tion aberrations. 

17. An image display apparatus according to claim 15, 

wherein the curved surface configuration of the third-first surface and third-second surface of said optical path 
distributing prism is a rotationally asymmetric curved surface configuration that corrects decentration aberrations. 

10 

18. An image display apparatus according to claim 15, 

wherein the curved surface configuration of each of the second-first surface, second-second surface, third-first 
surface and third-second surface of said optical path distributing prism is a rotationally asymmetric curved surface 
configuration that corrects decentration aberrations. 

15 

19. An image display apparatus according to any one of claims 15 to 18, wherein said image display device and said 
optical path distributing prism are placed to face each other, 

said optical path distributing prism being arranged so that, according as a distance from said image display 
20 device increases in a longitudinal direction (Z-direction), said first surface is located first, and then said second- 

first surface and said second-second surface are disposed at left and right positions facing each other across 
a medium, and then said third-first surface and said third-second surface are located, 

wherein said third-first surface is disposed at a position facing the first surface of said ocular prism for 
the right eye across an air spacing, and said third-second surface is disposed at a position facing the first 
25 surface of said ocular prism for the left eye across an air spacing. 

20. An image display apparatus according to any one of claims 15 to 18, wherein said image display device and said 
optical path distributing prism are placed to face each other, 

30 said optical path distributing prism being arranged so that, according as a distance from said image display 

device increases in a longitudinal direction (Z-direction), said first surface is located first, and then said third- 
first surface and said third-second surface are disposed at right and left positions facing each other across a 
medium, and then said second-first surface and said second-second surface are located, 

wherein said third-first surface is disposed at a position facing the first surface of said ocular prism for 

35 the right eye across an air spacing, and said third-second surface is disposed at a position facing the first 

surface of said ocular prism for the left eye across an air spacing. 



21 . An image display apparatus according to claim 14, 

wherein a single surface is used as both said second-first surface and third-second surface of said optical path 
40 distributing prism, and a single surface is used as both said second-second surface and third-first surface of said 

optical path distributing prism, 

wherein said optical path for the right eye is made incident on the surface used as both said second-first 
surface and said third-second surface at an angle larger than a total reflection critical angle to reflect the light 
45 beam of the optical path for the right eye within the prism by total reflection, and said optical path for the right 

eye is made incident on the surface used as both said second-second surface and said third-first surface at 
an angle smaller than the total reflection critical angle to allow the light beam of the optical path for the right 
eye to exit from the prism, 

wherein said optical path for the left eye is made incident on the surface used as both the second-second 
so surface and the third-first surface at an angle larger than the total reflection critical angle to reflect the light 

beam of the optical path for the left eye within the prism by total reflection, and said optical path for the left 
eye is made incident on the surface used as both the second-first surface and the third-second surface at an 
angle smaller than the total reflection critical angle to allow the light beam of the optical path for the left eye 
to exit from the prism, and 

55 wherein the surface used as both said second-first surface and third-second surface has a rotationally asym- 

metric curved surface configuration that corrects decentration aberrations, and the surface used as both said 
second-second surface and third-first surface has a rotationally asymmetric curved surface configuration that 
corrects decentration aberrations. 
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22. An image display apparatus according to any one of claims 14 to 18, wherein said optical path distributing prism 
has a fourth surface with a curved surface configuration that reflects light beams of right and left images entering 
through the first surface toward the second-first surface and the second-second surface, respectively, 

wherein the first surface, second-first surface, second-second surface, third-first surface, third-second sur- 
5 face and fourth surface of said optical path distributing prism form optica! surfaces of the prism as surfaces which 

are independent of each other. 

23. An image display apparatus according to claim 22, 

wherein the curved surface configuration of the fourth surface of said optical path distributing prism is a rotationally 
10 asymmetric curved surface configuration that corrects decentration aberrations. 

24. An image display apparatus according to claim 23, 

wherein said image display device and said optical path distributing prism are placed to face each other, 

15 said optical path distributing prism being arranged so that, according as a distance from said image display 

device increases in a longitudinal direction (Z-direction), said first surface is located first, and then said second- 
first surface and said second-second surface are disposed at left and right positions facing each other across 
a medium, and then said third-first surface and said thirdsecond surface are located, 
said fourth surface being disposed at a position facing said first surface across the medium, 

20 wherein said third-first surface is disposed at a position facing the first surface of said ocular prism for 

the right eye across an air spacing, and said third-second surface is disposed at a position facing the first 
surface of said ocular prism for the left eye across an air spacing. 

25. An image display apparatus according to any one of claims 14 to 18, wherein said optical path distributing prism 
25 has a fourth-first surface which reflects the optical path for the right eye entering through the first surface toward 

the second-first surface, and a fourth-second surface which reflects the optical path forthe left eye entering through 
the first surface toward the second-second surface, 

wherein the first surface, second-first surface, second-second surface, third-first surface, third-second sur- 
face, fourth-first surface and fourth-second surface of said optical path distributing prism form optical surfaces of 
so the prism as surfaces which are independent of each other. 

26. An image display apparatus according to claim 25, 

wherein thef ourth-f irst surface and fourth-second surface of said optical path distributing prism are curved surfaces 
of a same configuration. 

35 

27. An image display apparatus according to claim 26, 

wherein the curved surface configuration of the fourth-first surface and fourth-second surface of said optical path 
distributing prism is a rotationally asymmetric curved surface configuration that corrects decentration aberrations. 

40 28. An image display apparatus according to claim 27, 

wherein said image display device and said optical path distributing prism are placed to face each other, 

said optical path distributing prism being arranged so that, according as a distance from said image display 
device increases in a longitudinal direction (Z-direction), said first surface is located first, and then saidsecond- 
45 first surface and said second-second surface are disposed at left and right positions, respectively, facing each 

other across a medium, and then said third-second surface and said third-first surface are disposed at left and 
right positions, respectively, facing each other across the medium, and then the fourth-first surface and the 
fourth-second surface are disposed adjacently to each other at respective positions facing said first surface 
across the medium. 

50 

29. An image display apparatus according to any one of claims 1 4 to 28, wherein said first surface of said optical path 
distributing prism has a rotationally asymmetric curved surface configuration that corrects decentration aberrations. 

30. An image display apparatus according to any one of claims 14 to 18, wherein the rotationally asymmetric curved 
55 surface of said optical path distributing prism is a free-form surface having only one plane of symmetry. 

31. An image display apparatus according to claim 30, 

wherein the free-form surface of said optical path distributing prism has said only one plane of symmetry in a plane 
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(YZ-plane) connecting a center of the image displayed by said image display device and a center of a pupil. 

32. An image display apparatus according to any one of claims 14 to 18, wherein said ocular prism for the right eye 
is arranged so that a light beam exiting from said optical path distributing prism and entering the prism through 

5 said first surface is made inc ^nt on said third surface at an angle larger than a total reflection critical angle so 

as to be reflected toward said second surface within the prism by total reflection, and the light beam reflected from 
said second surface is made incident on said third surface at an angle smaller than the total reflection critical angle 
so as to pass through said third surface to exit from the prism, and 

wherein said ocular prism for the left eye is arranged so that a light beam exiting from said optical path 

10 distributing prism and entering the prism through said first surface is made incident on said third surface at an 

angle larger than a total reflection critical angle so as to be reflected toward said second surface within the prism 
by total reflection, and the light beam reflected from said second surface is made incident on said third surface at 
an angle smaller than the total reflection critical angle so as to pass through said third surface to exit from the prism. 

15 33. An image display apparatus according to any one of claims 14 to 18, wherein said ocular prism for the right eye 
is arranged so that a light beam exiting from said optical path distributing prism and entering the prism through 
said first surface is reflected by said second surface, and the light beam reflected from said second surface passes 
through said third surface to exit from the prism, and 

wherein said ocular prism for the left eye is arranged so that a light beam exiting from said optical path 

20 distributing prism and entering the prism through said first surface is reflected by said second surface, and the 

light beam reflected from said second surface passes through said third surface to exit from the prism. 

34. An image display apparatus according to any one of claims 14 to 18, wherein said ocular prism for the right eye 
has a fourth surface which reflects a light beam within the prism, 

25 

said ocular prism forthe right eye being arranged so that a light beam exiting from said optical path distributing 
prism and entering the prism through said first surface is reflected by said fourth surface, and the light beam 
reflected from said fourth surface is made incident on said third surface at an angle larger than a total reflection 
critical angle so as to be reflected toward said second surface within the prism by total reflection, and further 

so the light beam reflected from said second surface is made incident on said third surface at an angle smaller 

than the total reflection critical angle so as to pass through said third surface to exit from the prism, and 

wherein said ocular prism for the left eye has a fourth surface which reflects a light beam within the prism, 
said ocular prism for the left eye being arranged so that a light beam exiting from said optical path distributing 
prism and entering the prism through said first surface is reflected by said fourth surface, and the light beam 

35 reflected from said fourth surface is made incident on said third surface at an angle larger than a total reflection 

critical angle so as to be reflected toward said second surface within the prism by total reflection, and further 
the light beam reflected from said second surface is made incident on said third surface at an angle smaller 
than the total reflection critical angle so as to pass through said third surface to exit from the prism. 

40 35. An image display apparatus according to claim 34, 

wherein the fourth surface of said ocular prism for the right eye has a rotationally asymmetric curved surface 
configuration that corrects decentration aberrations, and 

wherein the fourth surface of said ocular prism for the left eye has a rotationally asymmetric curved surface 
configuration that corrects decentration aberrations. 

45 

36. An image display apparatus according to any one of claims 1 4 to 1 8, wherein the first surface of said ocular prism 
forthe right eye has a rotationally asymmetric curved surface configuration that corrects decentration aberrations, 
and 

wherein the first surface of said ocular prism for the left eye has a rotationally asymmetric curved surface 
50 configuration that corrects decentration aberrations. 

37. An image display apparatus according to any one of claims 14 to 18, wherein the second surface of said ocular 
prism forthe right eye has a rotationally asymmetric curved surface configuration that corrects decentration aber- 
rations, and 

55 wherein the second surface of said ocular prism forthe left eye has a rotationally asymmetric curved surface 

configuration that corrects decentration aberrations. 

38. An image display apparatus according to any one of claims 14 to 1 8, wherein the third surface of said ocular prism 
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for the right eye is a rotationally symmetric aspherical surface, and 

wherein said third surface of said ocular prism for the left eye is a rotationally symmetric aspherical surface. 

39. An image display apparatus according to any one of claims 1 4 to 1 8, wherein the third surface of said ocular prism 
5 forthe right eye has a rotationally asymmetric curved surface configuration that corrects decentration aberrations, 

and 

wherein the third surface of said ocular prism for the left eye has a rotationally asymmetric curved surface 
configuration that corrects decentration aberrations. 

10 40. An image display apparatus according to any one of claims 14 to 18, wherein said optical path distributing prism 
has a positive power as a whole so that said relay image for the right eye is formed at a position closer to the right 
eye of the observer than said third-first surface on the optical path and said relay image for the left eye is formed 
at a position closer to the left eye of the observer than said third-second surface on the optical path. 

15 41. An image display apparatus according to claim 40, 

wherein said optical path distributing prism forms said relay image for the right eye at a position between said 
third-first surface and the first surface of said ocular prism for the right eye and further forms said relay image for 
the left eye at a position between said third-second surface and the first surface of said ocular prism forthe left eye. 

20 42. An image display apparatus according to any one of claims 14 to 18, wherein an angle a of reflection of display 
light of the optical path for the right eye from the second-first surface of said optical path distributing prism and an 
angle a of reflection of display light of the optical path for the left eye from the second-second surface of said 
optical path distributing prism satisfy the following condition: 



25 



40 



33°^a^70° (1) 



43. An image display apparatus according to any one ofclaims 1 4 to 1 8, wherein an angle p formed between a plane 
passing through a center of a line segment connecting a center of an exit pupil forthe right eye and a center of an 

30 exit pupil for the left eye at right angles to the line segment and a tangent plane to the second-first surface of said 

optical path distributing prism at a point where the optical axis of the optical path for the right eye is incident on 
said second-first surface and an angle p formed between the plane passing through the center of the line segment 
connecting the center of the exit pupil for the right eye and the center of the exit pupil for the left eye at right angles 
to the line segment and a tangent plane to the second-second surface of said optical path distributing prism at a 

35 point where the optical axis of the optical path for the left eye is incident on said second-second surface satisfy 

the following condition: 



13°^p^24° (2) 



44. An image display apparatus according to any one of claims 1 4 to 1 8, wherein, in backward ray tracing from a pupil 
side, a distance between an intersection of a ray passing through a center of an exit pupil for the right eye at a 
maximum field angle on a right-hand side and the third surface of said ocular prism forthe right eye and an inter- 
section of a ray passing through a center of an exit pupil for the left eye at a maximum field angle on a left-hand 

45 side and the third surface of said ocular prism for the left eye is defined as a width L, and a distance between a 

point closest to the left and right exit pupils among points at which bundles of rays passing through the centers of 
the left and right exit pupils within an overall field angle pass through or are reflected by the third surface of said 
ocular prism for the right eye or the third surface of said ocular prism for the left eye and a display surface of said 
image display device in a direction perpendicular to the display surface is defined as a depth D, wherein a ratio of 

50 the depth D to the width L, i.e. D/L, satisfies the following condition: 

0.3^D/L=i0.5 (3) 

55 45. An image display apparatus according to any one of claims 14 to 18, wherein the second surface of said ocular 
prism forthe right eye is a semitransparent reflecting surface, and a see-through prism forthe right eye is placed 
outside said second surface, and 

wherein the second surface of said ocular prism for the left eye is a semitransparent reflecting surface, and 
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a see-through prism for the left eye is placed outside said second surface. 

46. An image display apparatus comprising an image display device for displaying an image to be observed by an 
observer, an optical path distributing prism for distributing said image to an optical path for a right eye and an 

5 optical path for a left eye, an ocular prism for the right eye that is placed on a right-hand side of said optical path 

distributing prism, and an ocular prism for the left eye that is placed on a left-hand side of said optical path distrib- 
uting prism, 

said optical path distributing prism having at least a first surface placed to face said image display device so 
10 that a display light beam emanating from said image display device enters the prism through the first surface, 

a second-first surface which reflects said optical path for the right eye entering through said first surface, a 
second-second surface which reflects said optical path for the left eye entering through said first surface, a 
third-first surface through which the light beam of said optical path for the right eye exits from the prism, and 
a third-second surface through which the light beam of said optical path for the left eye exits from the prism, 
15 said optical path distributing prism being arranged so that at least said second-first surface, said second- 

second surface, said third-first surface and said third-second surface have a curved surface configuration that 
gives a power to a light beam, and said second-first surface and said second-second surface have a same 
surface configuration and said third-first surface and said third-second surface have a same surface configu- 
ration, 

20 said image display device being a reflection type image display device that displays an image by reflecting a 

light beam from a light source, 

wherein both said second-first surface and secondsecond surface of said optical path distributing prism are 
either semitransparent reflecting surfaces or partially-transmitting and partially-reflecting surfaces, and 
wherein an illuminating light source for forming the optical path for the left eye is disposed at a position on a 
25 side of said second-first surface remote from a prism medium, and an illuminating light source for forming the 

optical path for the right eye is disposed at a position on a side of said second-second surface remote from 
the prism medium. 

47. An image display apparatus comprising an image display device for displaying an image to be observed by an 
30 observer, an optical path distributing prism for distributing said image to an optical path for a right eye and an 

optical path for a left eye, an ocular prism for the right eye that is placed on a right-hand side of said optical path 
distributing prism, and an ocular prism for the left eye that is placed on a left-hand side of said optical path distrib- 
uting prism, 

said optical path distributing prism having at least a first surface placed to face said image display device so 
that a display light beam emanating from said image display device enters the prism through the first surface, 
a fourth surface placed to face said first surface across a medium so as to reflect light beams of right and left 
images entering through said first surface in different directions, thereby distributing the light beams to the 
optical path for the right eye and the optical path for the left eye. a second-first surface which reflects said 
optical path for the right eye reflected from said fourth surface : a second-second surface which reflects said 
optical path for the left eye reflected from said fourth surface, a third-first surface through which the light beam 
of said optical path for the right eye exits from the prism, and a third-second surface through which the light 
beam of said optical path for the left eye exits from the prism, 

said optical path distributing prism being arranged so that at least said second-first surface, said second- 
second surface, said third-first surface, said third-second surface and said fourth surface have a curved surface 
configuration that gives a powerto a light beam, and said second-first surface and said second-second surface 
have a same surface configuration and said third-first surface and said third-second surface have a same 
surface configuration, 

said image display device being a reflection type image display device that displays an image by reflecting a 
light beam from a light source, 

wherein said fourth surface of said optical path distributing prism is either a semitransparent reflecting surface 
or a partially-transmitting and partially-reflecting surface, and 

wherein an illuminating light source for forming the optical path for the left eye and an illuminating light source 
for forming the optical path for the right eye are disposed at respective positions on a side of said fourth surface 
remote from the prism medium. 

48. An image display apparatus comprising an image display device for displaying an image to be observed by an 
observer, an optical path distributing prism for distributing said image to an optical path for a right eye and an 
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optical path for a left eye, an ocular prism for the right eye that is placed on a right-hand side of said optical path 
distributing prism, and an ocular prism for the left eye that is placed on a left-hand side of said optical path distrib- 
uting prism, 

said optical path distributing prism having a first surface placed to face said image display device so that a 
display light beam emanating from said image display device ertters the prism through the first surface, a 
second surface wherein said optical path for the right eye is made incident on an optical surface at an angle 
larger than a total reflection critical angle to reflect a light beam of the optical path for the right eye within the 
prism by total reflection and said optical path forthe left eye is made incident on the optical surface at an angle 
smaller than the total reflection critical angle to allow a light beam of the optical path for the left eye to exit 
from the prism, and a third surface wherein said optical path for the left eye is made incident on an optical 
surface at an angle larger than a total reflection critical angle to reflect the light beam of the optical path for 
the left eye within the prism by total reflection and said optical path for the right eye is made incident on the 
optical surface at an angle smaller than the total reflection critical angle to allow the light beam of the optical 
path for the right eye to exit from the prism, 

wherein an optical element for display is placed between said image display device and said first surface, 
said optical path distributing prism being arranged so that said second surface and said third surface are 
curved surfaces of a same configuration that gives a power to a light beam, and said second surface and said 
third surface are placed to face each other across a prism medium, 

said image display device being a transmission type image display device that displays an image by transmit- 
ting a light beam from a light source, 

wherein an illuminating light source for forming the optical path forthe left eye and an illuminating light source 
for forming the optical path for the right eye are disposed at respective positions on a side of said image display 
device remote from said optical element for display. 

49. An image display apparatus according to claim 48, 
wherein said optical element for display is a Fresnel lens. 

50. An image display apparatus according to claim 46, 

wherein both said second-first surface and second-second surface of said optical path distributing prism are formed 
from half-mirror coatings that divide transmission and reflection in terms of intensity. 

51. An image display apparatus according to claim 46, 

wherein both said second-first surface and second-second surface of said optical path distributing prism are formed 
from mirror coatings each having transmitting holes provided in a reflecting mirror surface. 

52. An image display apparatus according to claim 47, 

wherein the fourth surface of said optical path distributing prism is formed from a half-mirror coating that divides 
transmission and reflection in terms of intensity. 

53. An image display apparatus according to claim 47, 

wherein the fourth surface of said optical path distributing prism is formed from a mirror coating having transmitting 
holes provided in a reflecting mirror surface. 
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FIG. 16 (a) 
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FIG. 19 
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FIG. 21 
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FIG. 25 
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FIG. 27 
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FIG. 29 
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FIG. 34 
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FIG. 35 
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FIG. 36 
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FIG. 37 
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FIG. 38 
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